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The cun-ent investigation identified fatty acids (F As) and quantified total and 
specific FA concentrations in the striped shore crab, Pachygrapsus crassipes. I examined 
changes in the abundance of individual FAs and FA saturation categories (saturated, 
rnonounsaturated, polyunsaturated) over months and between sexes. Fatty acid 
fluctuations were compared with reported temperatures from a location near the 
collection site to determine whether temperature significantly contributed to these 
changes. The abundances of palrnitoleic acid, palrnitic acid, and docosahexaenoic acid 
(DHA) were found to fluctuate significantly on a monthly basis, with a higher abundance 
in warm months than in cold months. This fluctuation appeared to be independent of 
temperature, however, as an increase in FA abundance between February and April 
preceded an increase in temperature. I did not find a significant difference in FA 
abundance between females and males. Saturation levels were only different between 
sexes when monounsaturated FAs (MUFA) were lower in males than in females in 
December. No overall difference existed between sexes. Therefore, results for sexes 
were pooled for subsequent analyses. 
Changes in F As could be an acclimatory mechanism used by P. crassipes to take 
advantage of their biochemical properties in different temperatures. I concluded that 
Xlll 
while temperature may affect FA abundance, there may be other underlying factors 
influencing FA abundance. These factors may include molting, seasonality of food 
abundance, mating, and reproduction. The results of this study may serve as a 
comparative model for other shore crabs, as well as to establish baseline values of 





The striped shore crab, Pachygrapsus crassipes Randall, 1839, is a member of the 
Phylum Arthropoda, Class Malacostraca, Family Grapsidae. This common intertidal 
crustacean is found on rocky shores, hard-mud shores, in tidepools, and among mussel 
beds from Oregon to Baja California and in the western Pacific Ocean around Japan and 
Korea (Hiatt, 1948; Meinkoth, 1994). Pachygrapsus is common in the high intertidal 
zone and avoids areas with large amounts of siltation (Meinkoth, 1994; Willason, 1981 ). 
Compared to other intertidal crabs along the eastern Pacific Ocean, P. crassipes inhabits 
one of the highest positions on the shore, and as a result exhibits a wider range of 
adaptation to temperature fluctuations (Hiatt, 1948). Being semi-terrestrial, P. crassipes 
is able to remain out of water for up to 70 hrs before needing to feed and remoisten its 
gills by immersion (Meinkoth, 1994; Ricketts et al., 1985). Juvenile crabs tend to remain 
in water more often than adults and , thus, spend less time on dry rocky habitat (Bovbjerg, 
1960). This emersion can cause physiological problems, such as desiccation or osmotic 
stress, due to changes in salinity and temperature from exposure to sun and freshwater. 
Mating in P. crassipes occurs once or twice a year between February and 
October, with a peak in June (Hiatt, 1948; Ricketts et al. , 1985). Because this period is 
physicaJly demanding, both lifestyle (e.g. mating, molting) and sex are expected to 
contribute to the hepatopancreatic fatty acid (HFA) profile at any given point in time. It 
remains unknown whether these changes are physiological1y affected by environmental 
temperatures, either as a primary effect (e.g. trigger for activating transcription of 
desaturase enzymes within the crab (Aguilar et al., 1999)) or a secondary effect (e.g. 
change in food source (Cubit, 1984), environmental stimulus for molting (Roberts, 
1957b) or migrating (Asakura & Kikuchi, 1984)). 
A female ready to mate releases crustecdysone (the crustacean molting hormone) 
and then molts, softening the carapace and opening the genital operculum to allow mating 
to occur (Cowles, 2005; Willmer et al., 2000). The male then rolls onto his back 
grasping the female, while the female walks over the male so sperm can be inserted into 
the female oviducts (Cowles, 2005; Hiatt, 1948). Fertilized eggs are released onto the 
pleopods between 16 - 25 days following fertilization, and carried under the female's 
telson for approximately a month before hatching into planktonic zoeal larvae (Hiatt, 
1948). The zoea progress through five stages of development lasting a total of 2 - 4 
months, and then undergo metamorphosis into the neustonic megalopae stage (Rathbun, 
1918; Schlotterbeck, 1976). They then molt into juveniles and settle near the shore to 
begin a benthic lifestyle. Molting in P. crassipes occurs multiple times throughout the 
year, but is most frequent in warm months (Hiatt, 1948). 
These crabs are omnivorous, intertidal crustaceans that hunt, scavenge, and graze 
(Bovbjerg, 1960). Cannicci et al. (2002) observed that Pachygrapsus marmoratus was 
not an opportunistic feeder, but instead regulated its diet to meet specific needs. A 
majority of the diet of P. crassipes is comprised of various intertidal algae, supplemented 
by smal1 intertidal invertebrates such as mussels, gastropods, and hermit crabs (Ricketts 
et al., 1985). In turn, they are preyed upon by gulls, raccoons, anemones, fish, and 
2 
conspecifics (Cowles, 2005; Hiatt, 1948). These trophic interactions make them an 
important component of the intertidal ecosystem, acting as both predator and prey. 
Temperature Adaptations 
Intertidal zones experience large environmental fluctuations, particularly in 
temperature, creating a unique environment for semi-terrestrial animals, whether in 
tropical or temperate regions (Dunbar, 2002; Morton & Harper, 1995; Willmer et al., 
2000). Temperature fluctuations can occur daily, seasonally, or sporadically with the 
interaction of warm and cold currents on the shore (Willmer et al., 2000). The overall 
trend of fluctuation in these areas is similar to the sea, but with a greater range of 
temperatures (Morton & Harper, 1995). 
Both air and water temperatures greatly affect the lives of sea-dwelling 
organisms. Intertidal temperature fluctuations in some areas have been recorded to range 
from as low as l 5°C in the winter to +40°C in the summer, and daily from 15 - 28.5°C 
(Chan, 2000; Dunbar et al., 2003; Huggett & Griffiths, 1986; Klugh, 1924; Morris & 
Taylor, 1983; Morton & Harper, 1995). I found that average recorded water temperatures 
from Newport Beach, California in 2006 - 2007 spanned a range of 12.1°C (12.6 -
24.7°C). A 6-year study on intertidal communities of Santa Cruz Island in southern 
California found sea surface temperatures to be significantly higher in summer months 
(-16 - 17 .5°C, April - September) than winter months (-13 - 14.5 °C, October - March) 
(Blanchette et al., 2006). The range of daily temperature fluctuation is generally more 
extreme in summer than in winter months (Agnew & Taylor, 1986; Morris & Taylor, 
1983). Shallow pools and those in the high intertidal regions are more susceptible to 
severe changes in temperature than deep pools and those in the low intertidal (Dunbar, 
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2002; Klugh, 1924; Morton & Harper, 1995). This broad range of temperatures may 
greatly affect flora and fauna living in the intertidal zone, and creates a need for intertidal 
life to be able to withstand both ends of the temperature spectrum. As a result, animals 
have evolved a variety of adaptations to environmental temperatures which allow the 
survival of intertidal species in conditions that are less than ideal. These adaptations 
encompass the entire animal from behavior to physiology (Roberts, l 957b ). Although 
high-shore intertidal organisms such as P. crassipes are able to withstand current 
fluctuations in temperature, they may be exposed to more extremes if global temperatures 
change. 
Some of the affects of temperature fluctuation on organism systems include 
different growth and feeding rates (Lellis & Russell, 1990; Tong et al., 2000) and 
changes in membrane lipids (Cuculescu et al. , 1995; Saito et al., 2005). In the lobsters, 
Panulirus japonicus (Matsuda & Yamakawa, 1997) and Jasus verreauxi (Moss et al., 
2001), increasing temperatures increased molt rate at the phyllosoma stage of 
development. Farkas and Herodek (1964) observed that cool temperatures were 
correlated with a subsequent elongation of fatty acids (FA) in copepods. Temperatures 
also modify inter- and intra-specific interactions (Bertness et al., 1999), change the 
timing of reproduction (Velazquez, 2003), and cause temperature-dependent sex 
determination (Janzen, 1994). In the hermit crab, Diogenes nitidimanus (Asakura & 
Kikuchi , 1984), and California spiny lobster, Panulirus interruptus (CDFG, 2001 ), 
temperatures induced migrations on- and off-shore. In their review on intertidal ecology, 
Harley et al. (2006) found that temperatures caused changes in dietary practice and 
biodiversity shifts in the intertidal zone. Sanford (1999) carried out a study where he 
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discovered small changes in temperature to have a potentially dramatic impact on the 
community structure and interactions between the sea star, Pisaster ochraceus, and the 
mussels, Mytilus californianus and M. trossulus. Physiological adaptations to changes in 
temperature differ inter-specifically, between populations, with size, current health status, 
diet, thermal history, and rate and degree of temperature change in the mussel, Mytilus 
edulis, permitting the habitation of a variety of environments (Hawkins, 1995). 
Some ectothermic crustaceans are unable to modify the amount of insulation 
protecting them from changing environmental conditions, causing their body temperature 
to be influenced by environmental temperatures. Changes in temperature, therefore, may 
directly affect their metabolism (Dunbar, 2005; Hawkins, 1995). Ectotherms naturally 
have a low metabolism and low energy flow, enabling them to devote more resources to 
reproduction. However, because they are less able to maintain high activity, they may be 
more vulnerable to predation by endotherms (Willmer et al., 2000). 
Seasonal differences in thermal tolerances exist in marine crustaceans. For 
instance, the mole crab, Emerita talpoida, has a higher temperature tolerance in summer 
than in winter and an accelerated metabolism in winter temperatures, which creates a 
need for energetic resources (Edwards & Irving, 1943). Similar findings in seasonal 
thermal tolerance have been described in the edible crab, Cancer pagurus, the European 
shore crab, Carcinus maenas, the great spider crab, Hyas araneus, the harbour crab, 
Liocarcinus depurator, the rugose squat lobster, Munida rugosa, the velvet swimming 
crab, Necora puber, the Norway lobster, Nephrops norvegicus, and the hermit crab 
Pagurus bernhardus (Cuculescu et al., 1998; Hopkin et al., 2006). The Critical Thermal 
Maximum (CTMax), or temperature tolerance, of these crabs was found to be 
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significantly higher in individuals acclimated to warm temperatures than those acclimated 
to cool temperatures. Despite testing in laboratory conditions, Cuculescu et al. (1998) 
reported that the CTMax was seasonally affected by the time of year specimens were 
collected. It is possible that part of the reason a seasonal difference in thermal tolerance 
exists is due to the presence and use of isozymes. Isozymes are protein variations, i.e. 
enzymes, specialized for use in different environmental conditions (Willmer et al., 2000). 
They are activated or deactivated with changes in environmental factors, such as 
temperature, in order to maximize activity and responsiveness of that protein. In another 
study by Cuculescu et al. (1995), they found membrane lipids were not altered by 
temperatures in laboratory conditions, but that the lipid composition characteristic of the 
current season persisted. Acclimation to cool temperatures has also been found to 
decrease the Critical Thermal Minimum (CTMin) (McGaw, 2003). Exposure to stressful 
temperatures has been shown to affect metabolic demand in organisms not adapted to 
those temperatures (Koehn & Bayne, 1989; McGaw, 2003). This increased demand 
would affect the lipid stores in these individuals and make it essential for them to be 
easily accessible. Such maintenance costs cause individuals to either be well suited or 
maladapted to their environment. 
In some temperate intertidal areas, winter weather may cause tidepools to freeze. 
During this season, membranes in crabs have a decreased cholesterol:phospholipid ratio, 
which decreases membrane viscosity (Cuculescu et al., 1995). In warm weather, the 
cholesterol:phospholipid ratio in crab membranes increases, increasing membrane 
viscosity. However, Cuculescu et al. ( 1995) did not find that laboratory acclimation 
induced significant changes in the saturated: unsaturated ratio of FAs. Because 
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crustaceans do not regulate their body temperature, it is not always necessary for them to 
increase caloric intake during cooler months. Instead, some may simply enter a state of 
decreased mobility until warmed, lowering their metabolism to help conserve energy 
(Lockwood, 1967). While they decrease their mobility in cold weather, in hot weather 
they preferentially move into cooler areas with increased ventilation. 
There are many additional adaptations these organisms may use to tolerate 
extreme temperatures. One may be the dietary incorporation of saturated fatty acids 
(SAFA) in hot weather and unsaturated FAs (UFA) in cold weather to maximize the 
efficiency at which energy stores can be metabolized. 
Lipids and the Hepatopancreas 
Lipids are important for many functions, such as vitamin production, cell 
membrane formation, hormone production, heat insulation, and heat production 
(Mathews et al., 2000); substrate transport (O'Connor & Gilbert, 1968); and energy 
storage (Morris, 1999; Yepiz-Plascencia et al., 2000). Lipids can also be important 
factors in survival (Jeffs et al., 1999) and reproductive success (Stanley-Samuelson, 
1994b ). Poikilothermic crustaceans have little insulation from their environment; thus, 
most fat stores are used for energy production (Mathews et al., 2000). These lipids are 
composed primarily of F As differing in length, saturation, and conformation, therefore 
creating a unique fatty acid profile for each lipid (Gutnikov, 1995). Fatty acids are either 
saturated or unsaturated (Mathews et al., 2000). Those found in aquatic animals are 
predominately Jong-chain, polyunsaturated FAs (PUFA) (Chapelle, 1977), which are not 
synthesized directly by most crustaceans, but instead are absorbed from their diets 
(Chang & O'Connor, 1983). A FA is considered to be short chain if it contains between 
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four and six carbons, medium chain if it has eight to 12, long chain with 14 - 18 carbons, 
and very long chain if 20 or more carbons (Dupont, 2006). 
Triglycerides, or triacylglycerols, are efficient for energy storage, and generate 
high amounts of energy when oxidized (Mathews et al., 2000). Energy storage is 
generally in this form, which is also termed fat, and consists of both SAFAs and UFAs. 
Triglycerides contain glycerol and three FA chains, which can differ in length and degree 
of saturation within the lipid (Mathews et al., 2000). Chapelle (1977) found that 
triglycerides were the most abundant lipids in the hepatopancreas tissue of the Chinese 
mitten crab, Eriocheir sinensis, and the European shore crab, Carcinus maenas, followed 
by phospholipids, cholesterol, cholesterol esters, diglycerides, and free FAs. Polyenic 
(polyunsaturated) F As were lower in the hepatopancreas than in other tissues. 
Combining all tissues analyzed in his comparative study, Chapelle concluded that the 
three most abundant lipids were triglycerides, phospholipids, and cholesterol. 
The hepatopancreas (Figure 1.1 ), the target tissue of this study, is the main storage 
organ of energetic lipids in shore crabs, of which up to 90 % of the total lipid 
composition is in the form of triglycerides (Chapelle, 1977). The decapod 
hepatopancreas is bilateral, lobed, and has many tubular branches (Johnson, 1980). It is 
yellowish-brown and located in the anteroventral portion of the crab (Pearson, 1908). 
Chapelle ( 1977) compared the hepatopancreas, muscle, and gill tissue and discovered that 
the hepatopancreas contained the majority of the stored lipid content. These lipids 
originate from storage, synthesis, and catabolism (Bandyopadhyay & Basu, 1988). The 
hepatopancreas plays a key role in the metabolic processes occurring in crustaceans 
(Vonk, 1960). In addition to storing lipids, the hepatopancreas stores glycogen and 
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Figure 1.1. Dorsal anatomy o f the fe male crab Pachygrapsus crassipes. Photo: Stephen G . Dunbar 
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calcium, produces digestive enzymes (Johnson, 1980; Vonk, 1960); functions in 
excretion and elimination of useless products, regulates hemolymph composition 
(Pearson, 1908); synthesizes lipids (O'Connor & Gilbert, 1968); and is the primary 
location of nutrient absorption (Icely & Nott, 1992; Lockwood, 1967). 
Experimentally-induced starvation in the isopod, Porcellio laevis, did not 
decrease lipid levels, but instead reduced glycogen stores, implying that the isopod is 
unable to use these lipid stores as a source of instant energy (Alikhan, 1972). Decapods 
differ from isopods in their utilization of lipid and glycogen stores during the molting 
period, primarily because decapods fast during this period and are in need of an energy 
source, whereas isopods continue to receive energy from food consumption. 
The mean fresh-weight percentages of total lipids and FAs in the hepatopancreas 
of the edible crab, Cancer pagurus, during all molt stages were calculated to be 8.23 % 
(total lipids) and 5.1 % (FAs) (Renaud, L., 1949 in Vonk, 1960). Because molting is 
correlated with starvation in the crab until the exoskeleton has hardened, during this 
period they undergo a decrease in body weight, as well as in protein and lipid stores due 
to the mobilization of these resources (Icely & Nott, 1992; Vonk, 1960). Reserve food 
stores are extremely important during this time period and are utilized in forming the new 
exoskeleton (Alikhan, 1972; Pearson, 1908; Vonk, 1960). 
It is possible that seasonal temperatures, in addition to the corresponding mating 
and molting seasons, are important factors in HFA concentrations (Styrishave & 
Andersen, 2000). Johnson (1980) reported that while glycogen content in the 
hepatopancreas of the blue crab, Callinectes sapidus, increases during the autumn and 
winter, there is a reduction in lipid stores during the same time period. 
IO 
Lee et al. ( 1971) examined the amount and type of food consumed by the 
copepod, Calanus helgolandicus, in southern California. They found that the lengths of 
synthesized wax esters (lipids) were dependent on the amount of food eaten by the 
copepod during development, and that lipids, instead of carbohydrates, were the major 
form of food storage. Henderson and Sargent ( 1980) from Scotland concluded in their 
lipid study on the copepod, Euchaeta norvegica, that liver and adipose tissue actively 
synthesize FAs, whereas the gastrointestinal tissue is responsible for the re-esterification 
of F As accumulated from the diet. 
Metabolic pathways are responsible for regulating the amount of available 
compounds, such as lipids and carbohydrates, in the body (Chang & O'Connor, 1983). 
Crab growth is dependent upon this regulation, especially during reproduction, molting, 
and periods of environmental stress. Changes in PUF As are primarily due to dietary 
patterns, whereas phospholipid stores result from different rates of synthesis and release 
into the hemolymph (Chang & O'Connor, 1983). 
High temperatures in the intertidal zone cause oxidative stress for organisms 
living in that habitat, damaging tissues and creating physiological instability, of which 
PUFAs are the most susceptible FA (Abele et al., 1998). Temperatures alter the physical 
state of lipids, with warmer temperatures causing them to be more fluid and cooler 
temperatures causing them to attain a more solid state (Cuculescu et al., l 998; Willmer et 
al., 2000). Viscosity is also related to FA length and degree of saturation. Longer FAs 
are more viscous than shorter FAs, and SAFAs more viscous than UFAs. Animal cells 
have an adaptive mechanism to maintain ideal membrane viscosity, or homeoviscosity, in 
which membrane lipids have varying FA compositions depending on ambient 
11 
temperature (Chapelle, 1986; Willmer et al., 2000). Desaturase enzymes control 
homeoviscous adaptation, and are affected by both temperature and ingestion of saturated 
lipids regardless of temperature. In the amoeba, Dictyostelium, relative proportions of 
dienoic FAs changed as growth temperatures were experimentally manipulated. Fatty 
acids became more saturated as temperatures increased and more unsaturated as 
temperatures decreased (Saito et al., 2005). Similar changes have also been recorded in 
membrane lipids of two crab species, Carcinus maenas and Cancer pagurus (Cuculescu 
et al., 1999). Hahn et al. ( 1989) discovered in the freshwater sponge, Ephydatia 
.fluviatilis, that at least two membrane FAs varied between seasons as an adaptation to 
changes in temperatures. 
Goa]s and Significance 
The purpose of this study was to identify and quantify total and specific HF A 
concentrations found in the striped shore crab, Pachygrapsus crassipes, in relation to 
seasonal temperatures and sex. This study investigated the hypotheses that I) total HFA 
composition changes monthly and between sexes, and 2) concentrations of specific HFA 
saturation categories (saturated, monounsaturated, polyunsaturated) differ monthly and 
between sexes. Factors such as molting, seasonality of food abundance, reproduction, 
and environmental temperatures may contribute to fluctuations in FA abundance. This 
study compared the abundances of individual FAs and FA saturation categories with 
recorded temperatures to determine whether temperature significantly contributed to FA 
fluctuations. 
This study complements previous research on crustacean lipid content (e.g. 
Chapelle, 1977; Richoux et al., 2004; Styrishave & Andersen, 2000). The abundance and 
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type of FAs in one species may well be different than those in other species and 
interspecific generalizations should not be a foregone conclusion. To my knowledge, no 
research has been done on FA fluctuations in P. crassipes. The current research can, 
therefore, be used as a comparison, revealing baseline values of existing HFA 
concentrations for future research, such as connecting trophic relationships within the 
intertidal environment (Graeve et al., 1997). 
A better understanding of trophic interactions can reveal how biodiversity is 
maintained in the marine environment. Because of the role played by P. crassipes, 
knowledge of how it relies on lower trophic organisms for survival and in turn supports 
higher trophic organisms can help us understand how changes at one level within an 
ecosystem may lead to shifts in biodiversity at other levels. Such inter- and intraspecific 
interactions in the intertidal zone are often affected by environmental conditions 
(Bertness et al., 1999). 
This study may also help increase understanding of the potential roles of 
individual FAs, such as docosahexaenoic acid. It may be that abundant FAs, or FAs that 
are similar between species, have key functions in vertebrate and invertebrate systems, 
whereas less-abundant or species-specific FAs may still be biologically essential, but 
have less important functions. 
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CHAPTER TWO 
MATERIALS AND METHODS 
Temperature Data and Specimen Collection 
I collected Pachygrapsus crassipes six times between April 2006 and February 
2007. Collections were carried out at the south end of Little Corona del Mar, Newport 
Beach, California (33°35'2 l" N, 117°52'05" W) (Figures 2.1 - 2.4). 
Twenty intennolt-stage crabs of each sex (I 0 male, 10 female), weighing from 5 -
10 ± 0.1 g, were collected during each collecting period. Mass and sex of each crab were 
determined in the field prior to processing. Males and females were distinguished by 
observing telson shape, which is folded under the ventral surf ace. Females have a broad, 
Li-shaped telson with which to carry fertilized eggs, whereas males have a narrow, V-
shaped telson. If gravid females were encountered, they were returned unharmed and not 
considered for analysis. Specimens were frozen in liquid nitrogen as quickly as possible 
and transported to the laboratory. Upon arrival, the specimens were stored at -75 ± 5°C 
until the hepatopancreas could be excised to prevent lipid fluctuations prior to analysis. 
Ocean temperatures were obtained from http://www.sccoos.org hosted by the 
Southern California Coastal Ocean Observing System (SCCOOS, 2006). These 
temperatures were logged every minute by an automated shore station at the Newport 
Beach Pier (33°35'54" N, 117°54'03" W), located approximately 2 m below the mean 
lowest low tide. Daily averages were calculated using temperatures at 0000 hours, 0600 
hours, 1200 hours, and 1800 hours. 
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Figure 2.1. Specimen collecti on site at Little Corona del Mar (33°35'2 l " N, I I 7°52 '05" W), 
Newport Beach, California. Collec tions were made near Arch Rock along the rocky intertidal. 
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Figure 2.2. The collection site at Little Corona del Mar (33°35'21" N, 117°52'05" W), Newport Beach, 
California looking south. Photo: April D. Sjoboen 
Figure 2.3. The collection site at Little Corona del Mar (33°35'21" N, 117°52'05" W), Newport Beach, 
California looking north. Photo: April D. Sjoboen 
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Figure 2.4. Looking south at the Little Corona del Mar collection site (33°35'21" N, 117°52'05" W). 
Specimens were collected from the rocky intertidal to the left of Arch Rock. Photo: April D. Sjoboen 
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Air temperatures were obtained online at http://www.weatherunderground.com 
hosted by The Weather Underground, Inc. (TWU, 2006). These temperatures were 
logged every IO minutes by an automated Davis Vantage Pro sensor using VWS v12.08 
software. The station is located in Upper Newport Bay (33°39'1 O" N, 117°52'17" W) at 
an elevation of 23.2 m. 
Temperatures were statistically analyzed using a one-way MANOV A for air and 
water temperature by month, followed with Tukey and Bonferroni post-hoc tests using 
the Statistical Package for the Social Sciences (SPSS) to determine temperature 
differences between months. Data used in this study were the average daily temperatures 
for each month (Figure 2.5). 
Hepatopancreas Excision 
Excisions of the hepatopancreas were conducted in the laboratory. Data were 
recorded on the carapace width (CW), carapace length (CL), total wet mass, and sex of 
each crab prior to hepatopancreas extraction. Carapace measurements were obtained 
using a pair of handheld calipers and recorded to ± 0.1 mm. Age in P. crassipes is 
positively correlated with CW (Hiatt, 1948), though lack of sufficient nutrient sources 
may impede accumulation of lipid stores, and therefore stunt the growth of an individual. 
Specimens used in this research were estimated to be approximately 2 years of age (Hiatt, 
1948). 
Dissection of each crab began by first carefully removing the carapace using a 
scalpel to cut around the lateral edges, working from one side to the other (Figures 2.6 & 
2.7). I opened the carapace as if on a hinge attached at the eye-stalks and removed the 















Figure 2.5. Mean monthly temperatures collected by the Southern Cali fornia Coastal Ocean 
Observing System ( - = water) and The Weather Underground , Inc. ( ••• =air) from Newport 
Beach, California between April, 2006, and March, 2007. Error bars represent ±1 Standard Error. 
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Figure 2.6. External view of Pachygrapsus crassipes prior to dissection. 
Figure 2.7. Pachygrapsus crassipes with the carapace removed. 
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Figure 2.8. Close-up view of the internal organs of Pachygrapsus crassipes with the 
epidermis removed. 
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hepatopancreas and stomach (Figure 2.8). In females, the reddish ovaries lie dorsal to the 
hepatopancreas and must be removed. In males, the white, worm-like testes sit ventral to 
the hepatopancreas and can easily be confused with hepatopancreatic tissue. Using 
forceps, I removed the orange or yellow hepatopancreas and placed the tissue in a plastic 
screw-top vial. I weighed each sample to ± 0.001 g and stored at -7 5 ± 5°C until lipids 
could be extracted. For detailed guidelines to the dissection of P. crassipes, see my web-
based dissection guide at: http://www.llu.edu/llu/grad/natsci/dunbar/dissection.html. 
Lipid Extraction and Analysis 
No universal method exists that can be used to extract lipids from animal tissues 
(Christie, 1993). The extraction process is dependent on how concentrated the lipids or 
water are within the tissue. Most studies looking at lipid content within animal tissues 
use a version of the extraction process described by Folch et al. ( 1957), (for variations on 
Folch et al, 1957, see Chapelle, 1977; Graeve et al., 1997; Henderson and Sargent, 1980; 
and Lee et al., 1971 ). 
Extraction procedures followed modified protocols detailed by Styrishave and 
Andersen (2000). The method used in the current study is less aqueous than that 
described by Folch et al. ( 1957), and may be preferable because it uses less chloroform. 
For this procedure, each hepatopancreas was manuaJly homogenized in 21 ml of a 1 :2 
concentration of chloroform:methanol to extract the lipids, and 1 ml of a 1 mg· mr 1 (3.2 
mM) internal standard (nonadecanoic acid dissolved in chloroform) added to aid in 
quantification of total lipids. In order for the internal standard not to be confused with 
naturally occurring F As having even-numbered carbons, I used a FA with an odd number 
of carbons for my internal standard. The sample was evaporated with nitrogen while 
22 
submerged in a 40 ± 5°C water bath, then combined with 1 ml 0.5 M KOH in methanol 
and incubated in a water bath at 85 ± 5°C for 35 min. This saponification reduces FA 
degradation and the occurrence of artifacts detected during analysis (Gutnikov, 1995). 
One ml of 20 % BF3 in methanol was added to resuspend the sample and 
incubated for an additional 15 min in an 85 ± 5°C water bath to methylate the FAs to their 
corresponding fatty acid methyl ester (FAME) for gas chromatographic (GC) analysis 
(Gutnikov, 1995). Because FAs have an extremely high boiling point (e.g. 209°C for 
stearic acid), they must be transmethylated into their corresponding methyl esters (e.g. 
boiling point decrease to 181°C for methyl stearate) for efficient analysis (Haunerland, 
2006; Pearson, 1997). Two ml of HR-GC hexane (EMD Chemicals, Norwood, OH) were 
then added to the sample, and the upper phase transferred to a titration funnel. I washed 
the solution two times with 10 ml saturated NaCl and two times with 10 ml saturated 
NaHC03 to completely free the lipids from proteins and tissue. The salts improve the 
odds of extracting all lipids from the tissue sample, which is profitable since there can be 
up to a 2 % loss of lipids in extractions from liver tissue (Folch et al., 1957). I pipetted 
the upper phase into a glass GC vial, which was then sealed and stored at -75 ± 5°C until 
analyzed. See Appendix A for detailed solution preparation. 
Fatty Acid Analysis 
Gas chromatography is useful for separating and quantifying various chemical 
compounds and is the most common method of lipid analysis. Data collected for this 
study was done by gas chromatography-mass spectroscopy (GC/MS) using a Hewlett-
Packard 5890 series II gas chromatograph attached to a HP 5970 series mass selective 
detector (MSD). Elution times were compared to commercial standards (Nu-Chek Prep, 
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Inc., Elysian, MN) to determine identity and concentration (Tables 2.1 and A I). Methyl 
esters were separated with an Ultra 2 capillary column (J & W Scientific; length: 12 m; 
diameter: 0.2 mm; film thickness: 0.33 µm) using a 1 µl 20: I split injection with helium 
as the carrier gas. The oven temperature was programmed at I00°C with a lmin hold, 
followed by a I0°C/min increase to 280°C with no final hold. The injector temperature 
was set at 250°C and the detector temperature at 300°C. There was a 3.5 min solvent 
delay. The program was run in selective ion monitoring (SIM) mode for enhanced peak 
detection (Table 2.2). Peak analysis was done using MSD ChemStation D.02.00.275 
software (Agilent Technologies). Standard curves were created using commercial FA 
standards (Nu-Chek Prep, Inc., Elysian, MN) at varying concentrations with comparison 
to an internal standard (Table A2 and Figure A2). 
Fatty acids from each sample were quantified by comparison with the internal 




where Re is the calculated ratio of internal standard to FA abundance, Pis the peak 
abundance of the FA and P3 12 is the peak abundance of the internal standard. If the peak 
was indistinguishable from background noise ( <5: I signal-to-noise ratio), it was recorded 
as being absent from the sample. Likewise, if the signal-to-noise ratio was above 5: I but 
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Table 2.1. Names and retention times for commercial fatty acid methyl ester (FAME) standards (Nu-Chek 
Prep, Inc.) based on 0.4 mM samples in scan mode. Notation: numbers preceding the colon = number of 
carbons in the fatty acid chain; numbers after the colon = number of double bonds; numbers following t,. = 
double bond at that carbon numbering from the carboxylic acid end of the chain; numbers following n = 
double bond at that carbon numbering from the methyl end of the chain. 
Retention 
FAME Fatty Acid Notation (min) 
Methyl Myristate Myristic Acid 14:0 7.69 









Palmitoleate 16:1 n7 
Methyl Stearate Stearic Acid 18:0 11.76 








Methyl Linolenate a-Linolenic Acid 
18:3Ll9, 12, 15 
11.49 
(ALA) 18:3n3 





eicosenoate 20:1 n9 
Methyl 11 , 14- Eicosadienoic 20:2Ll11,14 
13.27 
eicosadienoate Acid 20:2n6 
Methyl 





Methyl Arachidonic Acid 20:4Ll5,8, 11 , 14 
12.93 
Arachidonate (AA) 20:4n6 
Methyl Behenate Behenic Acid 22:0 15.21 




Methyl Docosahexaenoic 22:6Ll4,7, 10, 13, 16, 19 
14.57 
Docosahexaenoate Acid (DHA) 22:6n3 
Methyl Lignocerate Lignoceric Acid 24:0 16.75 





Nonadecanoic 19:0 12.68 
Nonadecanoate 
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Table 2.2. Selective ion monitoring (SIM) method used for data collection. Dwell is the amount 
of time, in milliseconds, the GC/MS spends looking for a particular ion. The ion to be searched 
for is designated by m/z, or the mass-to-charge rat io. 
Search Time Dwell 
{min) {ms) m/z 
7-9 60 240,243 
9 - 11 60 237, 271 
11 - 12 50 267, 292, 294, 296 
12- 14 30 293, 314, 318,320, 322, 327 
14 - 16 50 131 , 278,323 
16-17.5 50 348, 382 
17.5 - finish 100 none 
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not a well-defined peak, it was determined to be below the level of quantification. The 
molar ratio of quantifiable peaks was calculated using the formula: 
lo{:,) ~ ( ~ }1og{R, ))-( ~ J 
where Mis moles of FA, Ms is moles of internal standard, mis the slope of the line 
calculated by the standard curve of each FA standard, Re is the ratio calculated in 
equation E 1, and bis they-intercept of the line calculated by the standard curve of each 
FA standard. The absolute number of µmoles present for each FA were calculated using 
the equation: 
µmoles = ( M J · 3.205 
M, 
where M ·Ms- ' is the previously calculated molar ratio from equation E2, and 3.205 is the 
number ofµ moles of internal standard added to the sample prior to derivitization, used as 
a constant. The constant was calculated by: 
( O.OO!g J 
3.205 = 312 
O.OOJL 
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where 0.001 g is the amount of internal standard added to each sample, 312 is the 
molecular weight of the internal standard, and 0.001 Lis the volume of the diluted 
internal standard added to each sample. To calculate the amount of µmoles FA per gram 
weight of the hepatopancreas, the following calculation was used: 
m 
g 
Where FAms is the mass specific abundance of FA in the sample, m is the absolute 
number of µmoles calculated in equation E3, and g is the hepatopancreatic mass 
immediately following dissection from the crab specimen. 
(Es) 
To determine the degree of error as a result of data gathering and integration, a 
single crab sample was run on three different days and each of the peaks quantified. The 
mean of the results were plotted on a bar graph with standard error bars and compared for 
each FA to see whether there was a significant difference between the abundances of 
each run. Variability between crab samples could not be significantly decreased with 
multiple GC/MS analyses, and therefore each sample was only analyzed one time. 
The average µmoles · g-' tissue was calculated for the individual FAs in each 
sample. The mean monthly trend ofµ moles · g-' tissue FA abundance was calculated for 
each sex usingµ moles · g-' tissue abundance for each of the 10 specimens of that sex for 
each month. 
Monthly trends were analyzed using two three-way ANOV As (2 x 2 x 17 for 
month x sex x FA; 2 x 2 x 3 for month x sex x saturation) to compare individual FA and 
FA saturation category abundances between months and sexes. Within-subjects factors 
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were abundance of individual FAs and FA saturation categories, and between-subjects 
factors were sex and month. Trends between sex and month of each individual FA for 
abundance were also explored using two-way ANOVAs (2 x 6 for sex x month). 
Pearson's Correlations were run for abundance of each FA as a function of FA abundance 
to determine whether there was a relationship between the abundance of individual FAs. 
Two-way ANOV As (2 x 3 for sex x saturation) were run for each of the months to 
determine where the abundances of FA saturation categories differed for each sex. 
Pearson's Correlations were run between CW (mm), hepatopancreatic mass (g), and total 
FA abundance for each hepatopancreas (µmoles· g-1). Finally, I ran ANCOVAs (2 x 6 
for sex x month x CW) to explore the relationship between sex, month, and CW for body 
mass and hepatopancreatic mass. For all analyses, a= 0.05. 
Data failed to meet the assumptions of homogeneity and normality, and were not 
improved by log or rank transformation. Data also did not meet sphericity assumptions 
with Mauchly's test. As a result, original data were used for the analyses and results are 
reported using the Greenhouse-Geisser adjustment for degrees of freedom. Due to the 
inability to distinguish methyl erucate from background noise, this particular FAME was 
excluded from the statistical analyses. If there was no detection of a FA during GC/MS 
analysis it was reported as 0. This means that the FA was below detection levels, rather 





Results of a one-way MANOV A showed a significant difference in temperature 
among months (F(22,698) = 53.63, p < 0.001 , partial 112 = 0.628). Univariate ANOVA 
results revealed that month had a significant influence on both water and air temperatures 
(water: F(i l ,349) = 164.57, p < 0.001 , partial 112 = 0.83; air: F(l l ,349) = 118.25, p < 0.001, 
partial 112 = 0.78; Figure 2.6). See Tables A3 and A4 for mean, minimum, and maximum 
temperatures for each month. 
Fatty Acids 
Results of Pearson's Correlations between CW of P. crassipes (irrespective of 
sex), the mass of excised hepatopancreatic tissue, and total FA abundance for each 
hepatopancreas revealed that total FA abundance was independent of CW and 
hepatopancreas mass. However, CW and hepatopancreas mass were highly correlated 
(p = 0.003) (Figure 3.1 ). 
An ANCOVA model for body mass, including sex and month as independent 
variables and CW as a cofactor, indicated a strong relationship between CW and body 
mass (F(1,107) = 269. 12, p < 0.001, adjusted parti al 112 = 0.525). Sex was also significant, 
with males having higher mass relative to CW than females, but the effect size was 
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Figure 3.1. Con-elation and regression between the carapace width (CW) of Pachygrapsus crassipes and the wet mass of the excised hepatopancreas. This 
correlation was found to be significant (p = 0.003). y = 0.0 I 08x - 0.0603. R2 = 0.0709. 
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substantial variation among months (F(s, 107) = 18.56, p < 0.001, adjusted partial 112 = 
0.340), but the pattern suggested that this was artifactual, resulting from minor 
differences in specimen dessication associated with specimen transport and handling. 
There was no interaction between sex and month. 
A similar ANCOV A model for hepatopancreatic mass indicated a significant 
relationship between hepatopancreatic mass and CW (F(l ,io7) = 11.60, p = 0.001, partial 
112 = 0.098). There was no effect of sex (F(l, 1o7) = 1.06, p = 0.305, partial 112 = 0.010), but 
hepatopancreatic mass varied significantly among the months (F(s,1o7) = 5.40, p < 0.001, 
partial 112 = 0.201 ). As with the variation in body mass, this pattern suggests artifactual 
differences occurring as a result of specimen transport and handling. This caused the 
hepatopancreas of some specimens to be more difficult to remove than others, resulting in 
a variation of total extracted tissue. There was no interaction between sex and month. 
Comparing partial effect sizes for the two ANCOVA models, CW was more strongly 
associated with body mass than hepatopancreatic mass. 
To evaluate the possible relationship between HFA content and body condition, I 
used residuals from the regression of body mass on CW as a measure of relative body 
condition. Although body mass was affected by leg loss for many specimens (not 
accounted for in measurements) and the aforementioned differences between sexes and 
months, there was still a strong association of body mass and CW (r2 = 0.55). Total HFA 
content (µmoles· g-1) was then regressed on the residuals (i .e., body condition). The 
negligible association (r2 = 0.02) suggested that total HFA content corresponded poorly 
with body condition. 
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Monthly Analyses 
Table 3.1 shows the results of a three-way ANOV A (2 x 2 x 17) for FA 
abundance by month, sex, and FA identity. I found a significant difference in FA 
abundance among individual FAs (F(l.5.164_7) = 168.93, p < 0.001). This may be attributed 
to the high variation between the abundances of FAs such as OA and nervonic acid each 
month (Table AS). While there was no significant effect of month or sex on FA 
abundance, there was a significant interaction between FA identity and month (Fo.6.164_7) 
= 3.1 S, p = 0.003). These results suggest that FA abundance fluctuated between months, 
as was evident in my samples (Table AS). 
When FA abundance was analyzed for month, sex and FA saturation category 
(SAFA, MUFA, PUFA) with a three-way ANOV A (2 x 2 x 3), I found a significant 
difference of abundances among FA saturation categories (F(I 7,1828) = l 1S.68,p<0.001 ), 
and a significant interaction between FA saturation category and month (F(8.5,1828) = 4.09, 
p < 0.00 I) (Table 3.2). However, there was no significant main effect of month or sex on 
FA saturation category. 
To determine which FAs and FA saturation categories had significant monthly 
fluctu ations, I ran two-way ANOVAs of month x individual FA or FA saturation 
category (Table 3.3). The abundances of palmitoleic acid (16: 1 n7), palmitic acid ( 16:0), 
and DHA were found to fluctuate significantl y with month (palmitoleic: F<5.11 4) = 3.28, p 
= 0.008; pal mi tic: F(5, l 14) = 3. 10, p = 0.012; DHA: F<5. l 14) = S. 19, p < 0.001 ). All three 
FAs had a significantly higher abundance during warm months than during cold months 
(Figure 3.2). It is interesting to note, however, that there is a sharp increase in FA 
abundance between February and April, while temperatures remain stable. This suggests 
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Table 3.1. Results of the three-way AN OVA (6 x 2 x 17) for fatty acid (FA) 
abundance (µmole• g-1) by month, sex and FA identity. 
Factor df1 F Sig. Partial 112 
Month 5,108 1.136 0.346 0.050 
Sex 1, 108 0.158 0.692 0.001 
FA 1.5, 164.7 168.933 0.000 0.610 
FA*Month 7.6,164.7 3.151 0.003 0.127 
FA* Sex 1.5, 164.7 0.714 0.456 0.007 
FA*Month*Sex 7.6, 164.7 0.991 0.443 0.044 
1Results are reported using the Greenhouse-Geisser adjustment for degrees of freedom. 
Table 3.2. Results of the three-way ANOV A (6 x 2 x 3) for fatty acid (FA) abundance 
(~1mole • g" 1) by month, sex and FA saturation category. 
Factor df1 F Sig. Partial 112 
Month 5,108 1.136 0.346 0.050 
Sex 1, 108 0.158 0.692 0.001 
Saturation 1.7,182.8 115.689 0.000 0.517 
Saturation*Month 8.5, 182.8 4.099 0.000 0.160 
Saturation*Sex 1.7, 182.8 0.158 0.818 0.001 
Saturation*Month*Sex 8.5, 182.8 0.690 0.709 0.031 
Results are reported using the Greenhouse-Geisser adjustment for degrees of freedom. 
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Table 3.3. Results of the two-way ANOV As of month for the abundances (µmole • g-1) of individual fatty 
acids (FA) and FA saturation categories. 
Adjusted 
FA df F Sig. Partial 112 Partial 112 
Myristoleic Acid 5, 114 1.601 0.165 0.066 0.058 
Myristic Acid 5, 114 1.188 0.320 0.050 0.044 
Palmitoleic Acid 5, 114 3.280 0.008 0.126 0.111 
Palmitic Acid 5, 114 3.100 0.012 0.120 0.106 
Linoleic Acid 5, 114 0.495 0.780 0.021 0.019 
a-Linolenic Acid 5, 114 0.863 0.508 0.036 0.032 
Oleic Acid 5, 114 1.769 0.125 0.072 0.064 
Stearic Acid 5, 114 1.765 0.126 0.072 0.064 
Arachidonic Acid 5, 114 1.981 0.087 0.080 0.071 
Homo-g-linolenic 5, 114 1.359 0.245 0.056 0.049 
Eicosadienoic Acid 5, 114 0.766 0.576 0.033 0.029 
Eicosenoic Acid 5, 114 0.513 0.766 0.022 0.019 
Arachidic Acid 5, 114 0.397 0.850 0.017 0.015 
Docosahexaenoic Acid 5, 114 5.193 0.000 0.186 0.164 
Behenic Acid 5, 114 1.264 0.284 0.053 0.047 
Nervonic Acid 5, 114 1.390 0.233 0.057 0.050 
Lignoceric Acid 5, 114 1.576 0.172 0.065 0.057 
SAFA 5, 114 1.768 0.125 0.072 
MUFA 5, 114 2.058 0.076 0.083 
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Figure 3.2. Fatty acids (FAs) in Pachygrapsus crassipes with significant monthly fluctuations in abundance compared to air ( - ) and water ( - ) temperatures 
collected from The Weather Underground, Inc. (air) and the Southern California Coastal Ocean Observing System (water). Estimated extent of the mating 
season EZSZSJ . £ = Palmitic acid (16:0), • = Palmitoleic acid (I 6:1 ~9), • = Docosahexaenoic acid (DHA, 22:6M,7,10, 13, 16, 19). Error bars represent ±1 
Standard Error. Temperatures are depicted on the left axis and FA abundances on the right axis. 
that temperature does not directly influence FA abundance, but that there may be other 
factors involved, such as an increase of FA stores in preparation for molting (O'Connor & 
Gilbert, 1969; Paul & Sharpe, 1919). None of the other abundances of individual FAs or 
FA saturation categories fluctuated significantly during the year. 
Sex Analyses 
To determine which FAs and FA saturation categories had a significantly 
different abundance between sexes, I ran two-way ANOV As of sex x individual FA or 
FA saturation category (Table 3.4). Sex did not have a significant effect on the 
abundance of either individual FAs or FA saturation categories. Saturation trends with 
daily air and water temperatures, and the estimated extent of the mating season, can be 
seen in Figure 3.3. Despite variations in monthly patterns, females and males had similar 
overall abundances of FAs (Table AS). Because there was no significant difference in 
FAs between females and males, the mean FA abundances from both sexes were pooled 
(Table 3.5). 
Other Analyses 
Pearson ' s Correlations were run to examine relationships among the different 
FAs. Indeed, FA abundances were found to be highly correlated with each other (r = 
0.20 - 0.96, all P < 0.022, N = 120; e.g. palmitic and palmitoleic acids in Figure 3.4). 
The abundance of FA saturation categories were also highly correlated (r = 0.90- 0.97, 
all P < 0.001 , N = 120; e.g. SAFA and MUFA in Figure 3.5). The abundances of 
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Table 3.4. Results of the two-way ANOV As of sex for the abundances (µmole • g 1) of 
individ ual fatty acids (FA) and FA saturation categories. 
FA df F Sig. Partial 112 
Myristoleic Acid 1, 118 0.459 0.499 0.004 
Myristic Acid 1, 118 1.570 0.213 0.013 
Palmitoleic Acid 1, 118 0.842 0.361 0.007 
Palmitic Acid 1, 118 0.525 0.470 0.004 
Linoleic Acid 1, 118 0.963 0.328 0.008 
a-Linolenic Acid 1, 118 0.940 0.334 0.008 
Oleic Acid 1, 118 0.047 0.828 0.000 
Stearic Acid 1, 118 0.006 0.937 0.000 
Arachidonic Acid 1, 118 0.000 0.985 0.000 
Homo-g-linolenic 1, 118 0.584 0.446 0.005 
Eicosadienoic Acid 1, 118 0.001 0.972 0.000 
Eicosenoic Acid 1, 118 0.004 0.952 0.000 
Arachidic Acid 1, 118 0.056 0.813 0.000 
Docosahexaenoic Acid 1, 118 0.777 0.380 0.007 
Behenic Acid 1, 118 0.442 0.507 0.004 
Nervonic Acid 1, 118 2.021 0.158 0.017 
Lignoceric Acid 1, 118 1.024 0.314 0.009 
SAFA 1, 118 0.317 0.574 0.003 
MUFA 1, 118 0.215 0.644 0.002 
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Figure 3.3. Fatty acid (FA) saturation category abundance in Pachygrapsus crassipes compared to air( - ) and water( - ) temperatures collected from The 
Weather Underground, Inc. (air) and the Southern California Coastal Ocean Observing System (water). Results are graphed using pooled mean FA abundance 
from females and males. Estimated extent of the mating season ESZZl . • = Saturated fatty acids (SAFA), • = Monounsaturated fatty acids (MUFA), • = 
Polyunsaturated fatty acids (PUFA). Error bars represent ±1 Standard Error. Temperatures are depicted on the left axis and FA abundances on the right axis. 
Table 3.5. Pooled means between sexes for abundance of fatty acid (FA) 
saturation categories. 
Mean 
Month Saturation Level Abundance 
SAFA 29.293 
February MUFA 46.152 
PUFA 55.285 
SAFA 40.981 
Apri l MUFA 72.605 
PUFA 74.144 
SAFA 52.502 
June MUFA 93.455 
PUFA 71.116 
SAFA 46.178 
August MUFA 75.701 
PUFA 86.498 
SAFA 35.109 
October MUFA 53.918 
PUFA 76.049 
SAFA 36.431 
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Figure 3.4. Correlation and regression between the abundances of palmitic ac id and palmitoleic acid in 
Pachygrapsus crassipes. This correlation was found to be significant (p < 0.00 1 ). y = J .4607x - 4.7895. 
R2 = 0.9309. 
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Figure 3.5. Correlation and regression between the abundances of SAFA and MUFA in Pachygrapsus 
crassipes. This correlation was found to be significant (p < 0.001 ). y = l.8484x - 7 . 1235 . R2 = 0.9316. 
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individual FAs were positively correlated, as were the abundances of FA saturation 
categories; simultaneously increasing or decreasing in abundance. 
All FAs are connected along a biosynthetic pathway through elongation, 
oxidation, saturation or desaturation. Appendix Figures A2 and A3 indicate the pathways 
taken to create the FAs used in this study. Figure A4 shows the abundances of two 
interconnected FAs (arachidic (20:0) and behenic acids (22:0)) for each collection period. 
Arachidic acid is the precursor of behenic acid through the process of elongation. It 
appears as though there is a build-up of arachidic acid in June to prepare for the synthesis 
of behenic acid in August. 
In all months collected, palmitic acid was the most abundant SAFA, ranging from 
8.8 - 11.9 % mean total FA abundance. The predominant MUFA in all months was oleic 
acid (OA, 18: 1 n9), ranging from 19.6 - 25.0 % mean total FA abundance . 
Polyunsaturated FAs were dominated by linoleic acid (LA, I 8:2n6), arachidonic acid 
(AA, 20:4n6), and DHA. Composition of PUFAs ranged from 9 .6 - J 3 . 1 % mean total 





The decapod hepatopancreas is the primary location for energetic lipid storage 
and does not remain static throughout the year. At any point in time, HFA composition is 
determined by a combination of diet and biosynthesis (O'Connor & Gilbert, 1968). 
Although the size of the hepatopancreas may be affected by the abundance of FAs 
present in the organ (Clarke, 1982), I found the amount of excised hepatopancreatic 
tissue (wet mass) to be highly correlated with the CW of P. crassipes and not FA 
abundance. This may be a result of the similar growth rates of the organ and the 
individual. Carapace width was also correlated with body mass, as has been noted in 
other brachyurans (e.g. Ali et al., 2004; Pennings et al., 1998), as well as mass of the 
hepatopancreas. Because of this relationship, my data suggest that total FA content 
cannot be used as an indicator of crab health. 
In other studies, FA abundance has been correlated with metabolism, which is 
affected by temperatures in poikilotherms. Cool temperatures have been shown to 
decrease the metabolism of the developing lobster, Jasus verreauxi, and allow this 
species to increase lipid stores necessary for future development into adults (Moss et al., 
2001). As adults, this metabolic reduction may prepare them for the energetic demands 
required for mating and molting. Roberts (1957b) reported that the activity rate of P. 
crassipes is also slower during cooler temperatures than in warmer temperatures, most 
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likely resulting in a lower foraging rate and less food consumption in cool months. Hiatt 
(1948) observed that 18.3QC was a transitional temperature for P. crassipes, since below 
this point crabs were slower than at temperatures above 18.3QC. Monthly temperatures 
throughout my study period averaged at or above 18.4QC between June and September, 
corresponding with FA fluctuations and the crab's potential increase in foraging and 
activity intensity. Also, because P. crassipes is poikilothermic and body temperatures 
c1osely follow that of the environment, an increase in body temperature may speed up 
enzymatic reactions for the break down of consumed food and conversion to fat stores 
(Dahlhoff, 2004; Sanford, 2002). However, the activity of metabolic enzymes in 
intertidal animals regularly exposed to high temperatures may be lower than in animals 
not exposed to those conditions as an adaptation to offset the affect of temperature 
(Dahlhoff et al., 2002). 
Polyunsaturated FAs are most affected by changes in temperature and are 
possibly associated with dietary modification since they are not synthesized de nova by 
the crab (Brett & Muller-Navarra, 1997), but are instead metabolic products of 
elongation, desaturation, and oxidation. Although temperature may not always have a 
direct affect on FA abundance and metabolism, the abundance of food sources associated 
with changes in temperature may contribute to metabolic shifts (Kawakami et al., 1999). 
As noted by Roberts (1957a), during periods of low food availability or starvation, 
indirect measures of metabolism for P. crassipes (indicated by oxygen consumption) 
decreased. Likewise, Sanford (2002) and Kawakami et al., ( 1999) found in the sea star, 
Pisaster ochraceus, and eel, Anguilla japonica, respectively, that temperatures and 
metabolic cost were directly correlated. If metabolic cost is not met by an increase in 
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food intake, stored fat resources are utilized, reflected by a decrease in HFA abundance. 
The primary food source of P. crassipes is intertidal algae, which fluctuates in abundance 
throughout the year, and consequently may affect the diet of the crabs. During periods of 
cool temperatures, it was noticed that algal abundance in Oregon was higher than during 
warm summer months (Cubit, 1984 ). It is likely that, due to intertidal thermal stress, this 
is similar in southern California, as well. Therefore, in periods of low algal availability, 
which correspond to warm temperatures, the metabolism and foraging rate of P. crassipes 
is high. Food resources may then decrease to levels at which P. crassipes cannot meet 
metabolic demand, causing an associated decrease in lipid stores. 
In P. crassipes, metabolism has been shown to increase, beginning approximately 
two weeks before undergoing a molt, and is maintained at that rate throughout the 
molting process (Roberts, I 957a). Since P. crassipes fasts while molting, it is necessary 
to build up energy stores prior to the energetically demanding molt cycle. Roberts 
(1957a) discovered that when P. crassipes was unable to build up these stores, it impeded 
molting. Because a higher molting rate is found in warmer months than cooler months 
(Roberts, 1957b), it is likely that there will be a lower abundance of FAs during the warm 
months than may be anticipated from the high activity and foraging rate of P. crassipes. I 
sampled only individuals in intermolt stage, of which it was unclear whether they were in 
pre- or post-molt status, and therefore conclusions about the effect molting has on FA 
abundance of the hepatopancreas are beyond the scope of this work. 
Knowing whether an organism is eurythermal or stenothermal may help us 
understand the adaptive capabilities of that organism to changes in environmental 
temperatures. Eurythermic organisms are able to function in a wide range of 
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temperatures and are well suited for survival in areas that experience temperature 
fluctuations, whereas stenothermic organisms can only function within a narrow range of 
temperatures and are best suited for stable habitats (Willmer et al., 2000). The extent to 
which an organism is eurythermal or stenothermal may effect transcription and gene 
expression to various degrees to compensate for temperature changes, with eurythermic 
organisms retaining more regulatory capabilities than stenothermic organisms (Somero, 
2005). Gene regulation allows the organism to modify their phenotype as an acclimatory 
response to changes in temperature. Structural components, such as lipids, that are 
responsible for physiological processes, are similarly affected by temperatures in all 
organisms. Yet despite this prediction, there are variations in the abilities of different 
species to regulate gene expression and other physiological responses to temperature 
fluctuation. 
As two eurythermal species of intertidal shore crabs, C. maenas and P. crassipes 
may have similar adaptive capabilities and therefore may be ideal specimens for 
comparing and contrasting fluctuations in FA abundance throughout the year. However, 
due to the lack of information on female C. maenas and temperatures in the study by 
Styrishave and Andersen (2000), FA abundance in C. maenas can only be cautiously 
compared with FA abundance in P. crassipes. In their research, Styrishave and Andersen 
(2000) found a significant difference between the FA abundance in females and males, 
whereas I did not find the difference in FA abundance between sexes in P. crassipes to be 
significant. This dissimilarity between species is not likely a result of seasonal 
temperature differences between southern California and Denmark, where the study on C. 
maenas took place. 
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Like California, Denmark has a temperate climate, although temperatures in 
coastal southern California average warmer than temperatures in Denmark. In Denmark, 
air temperatures in warm months average 16 - l 9°C, while the colder months average 
0.5 - I °C (GML, 2007; Southtravels.com, 2007). During the summer, air temperatures 
in southern California can be over 32°C, while in winter they average around l 2°C 
(GML, 2007). It is more likely that differences between FAs in C. maenas and P. 
crassipes result from habitat preference or lifestyle variation between the two species 
than from temperature differences at the study locations. Whereas P. crassipes is a high 
intertidal organism, C. maenas resides in the lower intertidal and subtidal zones (Ricketts 
et al., 1985), possibly escaping the more extreme terrestrial temperatures and exposure 
endured by P. crassipes. In addition, C. maenas migrates offshore in cold months to 
avoid the cooler temperatures of the coastal environment (Styrishave & Andersen, 2000), 
while it is more likely that P. crassipes conceals itself during periods of unfavorable 
temperatures, rather than migrate subtidally. There is no evidence in the literature to 
suggest that P. crassipes migrates off-shore with cool temperatures. I observed what 
appeared to be a reduction in population size during these months, which may have been 
a result of the crabs concealing themselves. Further study on seasonal behavior patterns 
is necessary to draw any definitive conclusions. The migration habits of C. maenas, in 
response to environmental temperature fluctuations, expose the crabs to physical stress 
and a variety of food sources, both of which will affect acquired and stored FAs. 
As a result of temperature-induced changes, lipid membranes and FA stores attain 
an ideal viscosity for their immediate environmental conditions (Willmer et al., 2000). 
This may occur by FA synthesis or by the oxidation/de-oxidation of existing FAs (Van 
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Handel, 1966). If lipids are too viscous in winter, P. crassipes may be unable to access 
valuable FA stores. In the same way, if lipids are insufficiently viscous in summer, cell 
membranes may "melt" and FA stores may be inaccessible. Therefore, it may be 
beneficial for P. crassipes to store different types of FAs at different temperatures in 
order to take advantage of specific biochemical properties of FAs. Farkas and Herodek 
(1964) found this to be the case in some planktonic copepods. Although their diet 
remained the same, during cool temperatures the copepods were able to elongate dietary 
FAs to directly coincide with changes in environmental temperatures. Conversely, Van 
Handel ( 1966) found that temperature seemed to have no effect on either the quantity or 
the types of lipid synthesized by females of the mosquito, Aedes sollicitans. He 
concluded that, although there appears to be supporting evidence for temperature-induced 
changes in FA synthesis, at least for female mosquitoes, temperatures did not influence 
the FAs synthesized. Temperature, however, may not directly affect the types of FAs 
synthesized or stored. This effect of temperature may be indirect, influencing a 
behavioral response or modifying lifestyle activities, causing fluctuations in FA 
abundance. 
Marine invertebrates have been shown to adapt both physiologically as well as 
behaviorally to their changing environment. One way the crab, Pachygrapsus 
mannoratus, has adapted behaviorally is by changing dietary preference (Cannicci et al., 
2007). They are selective, rather than opportunistic feeders , and are considered to be 
truly omnivorous, feeding on both animal and plant matter as necessary for their current 
needs. During periods of cool weather, they may choose to consume food items 
containing a high number of UFAs, and likewise they may consume food items with 
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more SAFAs during warm weather. As a result, it is expected that dietary differences 
throughout each season will correspond to total FA content in the hepatopancreas, since 
this is the main lipid storage compartment. Lahdes et al. (2000) suggested this may be 
the case in gammarid am phi pods. Graeve et al. ( 1997) found that diet was a major source 
of the FA content in Arctic benthic organisms and concluded that analyzing lipids may 
serve to connect trophic relationships within the ecosystem. In organisms such as 
laboratory rats (Jeffcoat et al., 1979), shrimp (Mourente et al., 1995) and deep-water 
prawns (Hopkins et al., 1993), studies reveal that diet has a large impact on stored FA 
composition. Because FA composition differs between taxa and with diet, seasonal 
dietary changes can influence thermal physiology (Jeckel et al., 1991; Scott et al., 2002; 
Willmer et al. , 2000). Also, since energetic lipid stores in the hepatopancreas of P. 
crassipes may reflect the diet, any changes in dietary preference may be seen through 
analysis of these lipids. While my study did not analyze the relationship of diet to FA 
content, a difference in FAs throughout the year was nevertheless observed. Comparing 
these changes to diet in future studies may reveal more about the lifestyle and 
acclimatory capabilities of P. crassipes and their relationship to the intertidal 
environment. 
Monthly Trends in Fatty Acids 
By analyzing the abundances of individual FAs and FA saturation categories 
multiple times throughout the year, acute fluctuations in FAs over the course of this 
investigation could be detected. Heath and Barnes ( 1970) discovered that the dry weight 
of hepatopancreas in female C. maenas differed monthly. Still , in other organisms, such 
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as four species of puffer fish from India, FAs varied widely with location and sex (Hazra 
et al., 1998). 
It is possible that, although a difference in the abundances of individual FAs and 
FA saturation categories over the year were seen, behavioral modifications and fairly 
stable temperatures at the collection location prevented large fluctuations in FA 
abundance and saturation category. Only 12.7 % of the variance in the abundance of 
individual FAs can be explained by the interaction with month. The remaining variance 
likely results from factors such as food availability (Hopkins et al., 1993). Hopkins et al. 
( 1993) found that the diet of the prawn, Pandalus borealis, affected lipid composition of 
the animal. Pachygrapsus crassipes may be similar to P. marmoratus by selectively 
regulating it's diet in response to specific needs (Cannicci et al., 2002). Because algal 
abundance in the intertidal zone fluctuates (Cubit, 1984) and there are differences in the 
FA profile between various types of algae (Dembitsky et al., 2003), the HFA composition 
of P. crassipes may be expected to fluctuate as a result of algal consumption. Fatty acid 
composition also differs interspecifically in animals (\=elik et al., 2004), and therefore 
variations in consumed meat sources may contribute to FA differences in P. crassipes. 
The effect of monthly temperature variations also partially explains the difference 
in FA saturation categories, accounting for I 6 % of the variance. Available food 
abundance (Goedkoop et al., 2000; Hopkins et al., 1993) and molt cycle (Jeckel et al., 
1990) may contribute toward this monthly variance in FA saturation category. Changes 
in available algal and meat abundance on a monthly basis may affect fluctuations in FAs 
if P. crassipes modifies diet to correspond with food abundance. Molt cycle also affects 
FA composition, as Jeckel et al. ( 1990) discovered in females of the shrimp, Pleoticus 
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muelleri. They showed that pre-molt accumulation and synthesis of FAs, and FA 
metabolism during the molting period, contributed to variations in FA abundance. 
Polyunsaturated FAs in P. crassipes were more abundant than SAFAs and 
MUFAs, except in June when MUFAs were most abundant. The difference between 
MUFA and PUFA abundance was never significant, although there was an overall 
significance between the abundance of FA saturation categories. Styrishave and 
Andersen (2000) found similar results in C. maenas, with PUFAs having significantly 
higher concentrations than SAFAs and MUFAs. They attributed this difference to the 
lifestyle of the crab, where PUFAs are retained during energetically taxing events and 
occasions of limited feeding, such as during the summer molting and reproductive 
periods. When warm months were compared to cold months, it was found that both 
female and male crabs exhibited a higher abundance of FAs, particularly noticeable in the 
PUFAs. Chapelle (1986) suggested that PUFA composition in various organs most likely 
results from diet and specific FA requirements of that organ. 
Since PUFAs are not synthesized by the crab, they must be consumed and 
converted into needed FAs or biological metabolites. In vertebrate species that can 
convert shorter-chain PUFAs into longer-chain PUFAs, these essential PUFAs are LA 
and a-linolenic acid (ALA) (Sargent et al., 1995). Because many biological functions 
are similar in vertebrates and invertebrates (Stanley-Samuelson, l 994a), and because 
crustaceans have the ability to synthesize the longer-chain PUFAs from consumed dietary 
precursors (Morris & Sargent, 1973), it may be reasonable to consider that such dietary 
PUFA requirements are also necessary in P. crassipes. Both LA and AA, which can be 
found in algae (Gurr et al., 2002), are essential precursors to physiologically important 
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PUFAs, and must be consumed in proper proportions because of their tendency to 
compete for the same enzymes used in desaturation and elongation processes (Hornstra, 
2003). These FAs can also be useful for energy production through ~-oxidation 
(Muskier et al., 2004). 
These essential PUFAs have two primary functions: 1) cell membrane structure 
and function, and 2) eicosanoid precursors (Sargent et al., 1995). Three, twenty-carbon 
PUFAs (homo-g-linolenic acid, EPA, and especially AA) are oxygenated to naturally 
synthesize important biologically active compounds called eicosanoids (Stanley-
Samuelson, 1987; Stanley & Howard, 1998). Eicosanoids have been discovered in 
virtually every invertebrate taxon (Stanley & Howard, 1998) and include compounds 
such as prostaglandins, thromboxanes, leukotrienes, hydroxyl-FAs, epoxy-FAs, lipoxins 
and isoprostanes (Brett & Muller-Navarra, 1997; Stanley-Samuelson, 1987). Stanley-
Samuelson ( l 994a) noted that eicosanoids in invertebrates have many of the same 
functions as those in vertebrates, including roles in immune responses and reproduction 
(Stanley & Howard, 1998), ion fluctuation, temperature regulation, and neurophysiology 
(Stanley-Samuelson, 1994a; l 994b). 
In humans, AA, eicosapentaenoic acid (EPA) and DHA are the three most 
noteworthy FAs (Muskiet et al., 2004). Docosahexaenoic acid and EPA represent the 
most unsaturated FAs in marine fish oils (King et al., 1992). Arachidonic acid and DHA 
are the two most functionally important long-chain FAs in humans (Hornstra, 2003), 
serving as structural lipids and found in brain and retinal tissue (Muskiet et al., 2004). 
Eicosapentaenoic acid was not analyzed in the current study, but functions as a precursor 
to DHA (Mourente et al. , 1995). 
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I found that DHA abundance fluctuated significantly on a monthly basis. This 
fluctuation may be partially attributed to the important role DHA has in animal systems, 
such as aiding in the function of proteins found in the retina and postsynaptic membranes 
(Muskiet et al., 2004). Because DHA is stable in a wide range of temperatures 
(Rabinovich & Ripatti, 1990 in Scott et al., 2002), the fluctuation of this FA may increase 
the thermal stability of proteins in changing temperatures. Docosahexaenoic acid is also 
a component of human sperm (Gunstone & HerslOf, 2000) and crustacean nerve tissue 
(Chapelle, 1986). Brett and MUller-Navarra ( 1997) studied the role of DHA in the 
development and physiology of the brain and eyes in aquatic animals. This FA is 
produced in marine microalgae and obtained through the diet (Arterburn et al., 2007). In 
humans, DHA is largely affected by dietary changes (Muskiet et al., 2004). It has been 
shown that triglyceride levels in human blood can be decreased as a result of dietary 
DHA, but that it also has an adverse affect on glycemic control (Woodman et al. , 2002). 
This effect of decreasing triglycerides may help P. crassipes maintain the proper balance 
of stored to free FAs. Having a balance between stored and free FAs may allow 
sufficient energetic resources to be available for both long-term and short-term use, 
respectively. Another function of DHA occurs when it becomes part of the endothelial 
membrane in humans. Here it affects the membrane's fluidity, the influx of calcium, 
endogenous synthesis, and the release of nitric oxide (Mori et al. , 2000). 
Palmitoleic and palmitic acids were also seen to fluctuate significantly on a 
monthly basis. Palmitoleic acid is synthesized by the enzymatic desaturation of palmitic 
acid (LTI, 2007) and is a common component of most fish oils (Gunstone & HerslOf, 
2000). Palmitic acid is the most common component of the saturated FA profile of 
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animals (Gunstone & Hers!Of, 2000; Gurr et al., 2002), is formed during lipogenesis, and 
is one of the precursor FAs for the formation of longer-chain FAs. Short-chain FAs, such 
as palmitoleic and pal mi tic acid, are a necessary part of the crab diet since crabs are 
unable to synthesize PUFAs (Brett & MUiier-Navarra, 1997). Fluctuations of these two 
FAs may provide the base on which to synthesize FAs with beneficial properties for 
physiological acclimatization to temperatures. 
Sex Trends in Fatty Acids 
In the current work, I found that while there was a difference in the trend of FA 
abundance in the hepatopancreas of females compared with males, this difference was 
not significant throughout most of the year. In contrast, Styrishave and Andersen (2000) 
found that a significant difference in FA content existed between sexes between five 
collection periods over one year. They determined that the mating season of C. maenas 
is physically taxing on both sexes and causes large, sex-dependent changes in HFA 
content. The Jack of sexual differences of FA content in P. crassipes for this study is 
likely the result of similar lifestyles or acclimatory capabilities to temperature change 
between the sexes, while the sexes of C. maenas may have more variable lifestyles or 
acclimatory strategies. Hunter and Naylor (1993) found that lifestyles in C. maenas 
differed between sexes, crab size, and molt stage. They determined that males were more 
migratory than females, and that habitats were zoned with females inhabiting a higher 
intertidal zone than males, differences that may account for vmiation in HFA content 
between sexes. In contrast, the habitats of male and female P. crassipes overlap (Hiatt, 
1948). 
54 
Unlike Styrishave and Andersen (2000), Heath and Barnes (1970) found no 
significant difference in the HFA content of C. maenas from Scotland either seasonally or 
between sexes. They concluded that the lack of major differences is probably attributed 
to a wide range of variation both in hepatopancreas weight and in FA content between 
individuals at that particular location. This type of variation in hepatopancreas mass and 
HFA content was also seen in P. crassipes during the current study. While there may be 
differences between sexes, the high degree of individual variation may mask any overall 
differences in FA content between sexes. 
Other Trends in Fatty Acids 
Although individual FA abundances in P. crassipes were significantly different 
from each other, fluctuations in FA abundance were significantly correlated, either 
increasing or decreasing in relation to the other FAs. This implies that the overall 
relationship between FAs is unchanging on a monthly basis. However, slight differences 
may have occurred that were not significant enough to be detected by Pearson's 
Correlation analysis. If there was no correlation in FA abundance, it was possible that 
this difference may reveal an adaptation to changing environmental conditions or diet. 
The predominant difference I found in FA abundance was between the individual 
FAs. For example, OA, which was the most abundant FA over all months, is a 
component of most lipids and a precursor of n-9 monoenes and polyenes (Gunstone & 
Hers!Of, 2000), and is the most abundant FA in nature (O'Connor & Gilbert, 1968). The 
most abundant FAs for P. crassipes in this study are the same as those found by 
Styrishave and Andersen (2000) for C. maenas. The most abundant SAFA in both 
species was palmitic acid ( 16:0). The most abundant MUFA in P. crassipes was OA, 
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while those in C. maenas were palmitoleic acid, vaccenic acid (18: l n9) and OA. PUFAs 
in P. crassipes were dominated by LA, ALA, AA, and DHA, while those in C. maenas 
were mostly EPA. In the female Chinese mitten-handed crab, Eriocheir sinensis, Wen et 
al. (2001) found that the three most predominant FAs were palmitic acid, palmitoleic 
acid, and OA. Palmitic acid and OA were the most abundant SAFA and MUFA in puffer 
fish regardless of season (Hazra et al. , 1998). In the mussel, Perna viridis, palrnitic acid 
was the most abundant, followed by EPA, palmitoleic acid, and DHA (Li et al., 2007). 
For crustaceans in general, Chapelle (1986) showed that palmitic acid is the SAFA of 
highest abundance, OA is the most abundant MUFA, and EPA the most abundant PUFA. 
This similarity of the most abundant FAs between various species suggests that these FAs 
play important biological functions, from maintaining functionality in multiple 
temperatures to roles in developmental processes and cell physiology. It is justifiable to 
presume that the roles these FAs play in P. crassipes may be similar, if not the same, as 
in other species. 
Diet and temperature acclimatization may be linked. For instance, an increase of 
polyunsaturated lipids in the diet of lizards was shown to lower membrane viscosity at 
given temperatures, leading to a decreased preferred body temperature and adjustments in 
thermal physiology (Willmer et al., 2000). This is the temperature at which the animal is 
best suited to physiologically function in its environment, and may be behaviorally 
selected. By consuming lipids that are less viscous (or more fluid), the animal is 
physiologically better able to perform at cooler body temperatures. The opposite is true 
following the consumption of more viscous (or less fluid) lipids. 
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Types of lipid and lipid abundance in algae also fluctuate seasonally. It has been 
shown that algal availability shifts seasonally along the Oregon (Cubit, 1984) and Gulf of 
Santa Clara, Mexico (Aguilar-Rosas et al., 2002) coasts due to fluctuations in 
environmental temperatures and other seasonal factors. An accumulation of lipids will 
occur in algae when there is high illumination and little available nitrogen, which 
together permits photosynthesis and inhibits protein synthesis and growth (R. Lewin, 
pers. comm.). Barry and Ehret (1993) discovered that while P. crassipes has a definite 
preference for certain types of algae, they will modify their diet according to availability. 
As FAs in the food of P. crassipes undergo changes, it directly affects the FAs present in 
the crab. Go et al. (2002) hypothesized that the algal diet of gastropods may contribute 
significantly to the FAs found in their tissues. Bacterial contributions to FAs in the 
marine environment may also cause an accumulation of FAs in P. crassipes due to their 
benthic lifestyle (Ackman, 1989). 
If changes in FAs were a direct result of physiological homeoviscous adaptation, 
we may expect a lag time of a few months for changes in FA saturation to occur, as was 
seen in the compound eyes of the crab, Hemigrapsus sanguineus (Eguchi et al. , 1994). 
On the other hand, if these changes were a result of behavioral temperature responses (i.e. 
dietary modification), we might expect a more rapid adjustment in HFA to occur in 
response to changes in temperature. My data suggest that the FA profile of P. crassipes 
is primarily due to change in behavior, since abundance in FAs fluctuated independently 
of environmental temperatures (Figures 3.2 and 3.3). This change in behavior may be an 
increase in activity and foraging during summer months (Roberts, I 957b ), contributing to 
an increase in HFA, and a decrease in activity and foraging during winter months, 
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resulting in HFA reduction. However, because the metabolism of poikilothermic 
organisms is directly affected by temperature (Dunbar, 2005; Hawkins, 1995), FA 
abundance in summer months may be lower than expected, and higher than expected 
during winter months. 
Increases in FA content prior to molting have been observed in a number of 
crustaceans (e.g. O'Connor & Gilbert, 1969; Paul & Sharpe, 1919). This is caused by 
increased FA synthesis and an increased capacity for dietary FA esterification (Chang & 
O'Connor, 1983; O'Connor & Gilbert, 1969). Before molting, stored lipids are 
distributed via release into the hemolymph (Chapelle, 1986) to tissues needing energy 
(Wen et al., 2001 ). During molting, FA content decreases as the vulnerable crabs cease 
to actively forage. Concentrations of FAs are lowest at the end of the molting period, due 
to a decrease in lipid synthesis capacity and increase in the secretion rate of lipids into the 
hemolymph (Chang & O'Connor, 1983). In the fiddler crab, Vea lactea, there is a 
seasonal decrease in hepatopancreatic stores since the food consumed is insufficient to 
compensate for reproductive activities and molting, and this species must, therefore, use 
the nutrients stored in the hepatopancreas (Yamaguchi, 2001). 
Temperature-induced dietary changes affect more than the lipids stored by P. 
crassipes. Trophic interactions have a tendency to shape community dynamics and 
population structure (Menge, 2000). In his review on intertidal trophic relationships, 
Menge (2000) suggested that environmental gradients influence competition and can 
cause dramatic changes in inter- and intra-specific interactions. 
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Conclusions 
In this study, I found that there was a monthly change in the HFA of P. crassipes, 
but that this change did not appear to be directly related to fluctuations in the 
environmental temperatures of the study site, Little Corona de! Mar. This implies that 
although temperatures between months differ, this difference may not be a sufficiently 
wide range of temperatures to influence changes in FA storage. Evidence from this study 
suggests differences in temperature of the narrow range experienced on rocky shores of 
southern California are insufficient to lead to large fluctuations in HFA in this species. 
Differences between females and males were not significant. This suggests a 
similarity of lifestyles and acclimatory responses between the sexes. Large variation in 
FA abundance among individuals was also apparent; possibly masking any overall 
differences between sexes. 
The FAs with highest abundance in P. crassipes were similar to those found in 
other species. Three of these FAs: palmitoleic acid, palmitic acid, and DHA, were found 
to fluctuate significantly on a month-to-month basis. In all months except for June, 
PUFAs dominated the FA profile. In June, MUFAs became more abundant than PUFAs, 
possibly as an acclimatory response to increase the viscosity of FAs during warm 
weather. 
Future Research 
The current research is an initial study to determine lipid identity, abundance and 
change in P. crassipes in relation to ambient water temperatures, from which I propose 
the development of future research. An important question to ask is whether FA 
fluctuations result from physiological acclimatization or as a result of diet. This future 
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research might look at lipid concentrations as a result of various food types. Questions to 
address may include determining whether: (1) any FA fluctuations are a result of an 
algal- or meat-based diet, (2) if different algae or meat types are chosen based on season 
(i.e. temperature) and FA concentrations, or (3) whether dietary changes always affect 
FA composition or if FAs change for functional reasons. 
Because P. crassipes can be selective feeders, it may be possible to determine 
where specific nutrient compounds (i.e. lipids, calcium) are obtained from their diet. By 
selectively feeding groups of crabs a pre-determined diet and testing their tissues for 
these compounds, comparison with a control group may reveal amounts of accumulation 
of that compound. Because diet affects the accumulation of stored lipids, comparing the 
lipids in P. crassipes to a mixed diet of animal matter and algae might be important in 
determining how this species interacts with other intertidal organisms via the food chain, 
and what factors (e.g. accumulated pollutants, loss of some intertidal species) may 
contribute to the overall health and population size of P. crassipes. Linking information 
on FAs with stable isotope analysis may enhance understanding of the trophic role P. 
crassipes has in the intertidal zone (Wallace et al., 2006). 
It is possible that other factors, in addition to temperature, are responsible for 
changing concentrations of lipids in the hepatopancreas. Such factors may include food 
availability, mating/maturity (Hazra et al., 1998); salinity (Chapelle, 1986); diet, age, and 
habitat (\:elik et al., 2004); and overall health status (Go et al., 2002). Other causes 
contributing to changing lipid concentrations may be rate and degree of temperature 
change, thermal history, environmental contaminants, size, molt stage, and population 
abundance. This wide range of factors may affect FA composition not only between 
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species but between populations or individuals of the same species (Hazra et al., 1998). 
These factors were beyond the scope of my research, and it is important that future 
studies investigate them to determine whether they influence lipids in P. crassipes. It is 
also possible that annual fluctuations in temperature are actually cues for various 
behaviors (Styrishave & Andersen, 2000). For instance, warmer temperatures may signal 
the onset of the mating/molting season. Correlations between temperature and lipid 
concentrations may then be aided by additional life-history characteristics. It might also 
be beneficial to look at populations of P. crassipes from multiple locations in order to 
obtain a broader view of the annual FA profile. 
Preliminary separation of hepatopancreatic phospholipids from other lipids might 
aid in focusing on specific components within the organ. In this way, it is possible to 
differentiate between changes in stored FAs and those that make up the walls of the 
hepatopancreas. On the other hand, examining the entire lipid without breaking it into 
individual FAs may reveal additional useful information about food chain connectivity, 
acclimatization to the environment, and overall health of the specimens. 
Studies might also look at laboratory-induced temperature changes and their 
effects on FAs, as well as the effect of different pollutants on FA abundance and 
biochemical make-up. Possibilities of furthering the depth of this research include 
looking at the CTMax, a useful indication of the temperature at which heat stress begins 
to occur. The CTMax will oftentimes fluctuate along with environmental temperatures, 
which additionally may be correlated to changes in FAs (Cuculescu et al., 1998; Hopkin 
et al., 2006). Cuculescu et al. (1998) tested this value by observing the "righting reflex" 
of two crab species, Cancer pagurus and Carcinus maenas. This was done by placing 
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the specimen on its back in varying water temperatures and allowing 1 min for them to 
respond by righting themselves. 
However, in another study by Cuculescu et al (1995), they found membrane lipids 
in C. pagurus and C. maenas were not altered by temperatures in laboratory conditions, 
but that the lipid composition characteristic of the season persisted. This may be the 
result of multiple environmental cues which enable the crabs to change membrane 
composition to enhance survival in variable conditions. If this proves to be true in P. 
crassipes, then a similar type of study as that done on C. pagurus and C. maenas might 
not yield expected results. 
Generalizations regarding the physiology of one species can not always be 
applied to members of another related species (Morris, 1999), making it important to 
study different species independently. In future studies, it will be necessary to include 
aspects of biochemistry, cell biology and ecology in studying animal physiology (Morris, 
J 999) as it relates to HFA abundance. This research must take into account differences in 
daily requirements, season, reproductive state, stage of development (Morris, 1999), 
location (Hazra et al. , 1998), sex and molt stage (Styrishave & Andersen, 2000). 
62 
REFERENCES 
Abele, D. , Burlando, B., Viarengo, A., & Portner, H.O. ( 1998) Exposure to elevated 
temperatures and hydrogen peroxide elicits oxidative stress and antioxidant 
response in the Antarctic intertidal limpet Nace/la concinna. Comparative 
Biochemistry and Physiology Part B, 120, 425-435. 
Ackman, R.G. (1989). Fatty Acids. In Marine Biogenic Lipids, Fats, and Oils (ed R.G. 
Ackman), Vol. 1, pp. 103-137. CRC Press, Inc, Boca Raton. 
Agnew, D.J. & Taylor, A.C. (1986) Seasonal and die] variations of some physico-
chemical parameters of boulder shore habitats. Ophelia, 25, 83-95. 
Aguilar-Rosas, LE., Aguilar-Rosas, R., Mateo-Cid, LE., & Mendoza-Gonzalez, A.C. 
(2002) Marine algae from the Gulf of Santa Clara, Sonora, Mexico. 
Hydrobiologia, 477, 231-238. 
Aguilar, P.S., Lopez, P., & de Mendoza, D. (1999) Transcriptional control of the low-
temperature-inducible des gene, encoding the L'i5 desaturase of Bacillus subtilis. 
Journal of Bacteriology, 181, 7028-7033. 
Ali, M.Y. , Kamal, D., Hossain, S.M.M., Azam, M.A., Sabbir, W. , Murshida, A., Ahmed, 
B., & Azam, K. (2004) Biological studies of the mud crab, Scylla serrata 
(Forskal) of the Sundarbans mangrove ecosystem in Khulna region of 
Bangladesh. Pakistan Journal of Biological Sciences, 7, 1981-1987. 
Alikhan, M.A. ( 1972) Changes in the hepatopancreas metabolic reserves of Porcellio 
laevis Latreille during starvation and the moult-cycle. The American Midland 
Naturalist, 87, 503-514. 
Arterburn, LM., Oken, H.A., Hoffman, J .P., Bailey-Hall , E., Chung, G., Rom, D., 
Hamersley, J. , & McCarthy, D. (2007) Bioequivalence of docosahexaenoic acid 
from different algal oils in capsules and in a DHA-fortified food. Lipids, Online 
First. 
Asakura, A. & Kikuchi , T. (I 984) Population ecology of the sand dwelling hermit crab, 
Diogenes nitidimanus Terao. 2. Migration and life history. Publications from the 
Amakusa Marine Biological Laboratory, Kyushu University, 7, 109-123. 
Bandyopadhyay, R. & Basu, M.K. ( 1988) Phospholipids from the hepatopancreas of 
Indian horseshoe crab Carcinoscorpius rotundicauda. Biochimie, 70, I 841-184 7. 
63 
Barry, J.P. & Ehret, M.J. (1993) Diet, food preference, and algal availability for fishes 
and crabs on intertidal reef communities in Southern California. Environmental 
Biology of Fishes, 37, 75-95. 
Bertness, M.D., Leonard, G.H., Levine, J.M., & Bruno, J.F. (1999) Climate-driven 
interactions among rocky intertidal organisms caught between a rock and a hot 
place. Oecologia, 120, 446-450. 
Blanchette, C.A., Braitman, B.R., & Gaines, S.D. (2006) Intertidal community structure 
and oceanographic patterns around Santa Cruz Island, CA, USA. Marine Biology, 
149, 689-701. 
Bovbjerg, R.V. (1960) Behavioral ecology of the crab, Pachygrapsus crassipes. Ecology, 
41, 668-672. 
Brett, M .T. & MUiler-Navarra, D.C. (1997) The role of highly unsaturated fatty acids in 
aquatic foodweb processes. Freshwater Biology, 38, 483-499. 
California_Department_of_Fish_and_Game (2001) California spiny lobster. California's 
Living Resources: A Status Report, 98-100. 
Cannicci, S., Gomei, M ., Boddi, B ., & Vannini, M. (2002) Feeding habits and natural diet 
of the intertidal crab Pachygrapsus marmoratus: opportunistic browser or 
selective feeder? Estuarine, Coastal and Shelf Science, 54, 983-1001. 
Cannicci, S., Gomei , M., Dahdouh-Guebas, F. , Rorandelli , R., & Terlizzi, A. (2007) 
Influence of seasonal food abundance and quality on the feeding habits of an 
opportunistic feeder, the intertidal crab Pachygrapsus marmoratus. Marine 
Biology, 151, J 331-1342. 
<;elik, M., Ttireli, C., <;elik, M., Yanar, Y., Erdem, 0., & Kti\'.tikgtilmez, A. (2004) Fatty 
acid composition of the blue crab ( Callinectes sapidus Rathbun, 1896) in the 
north eastern Mediterranean. Food Chemistry, 88, 271-273. 
Chan, B.K.K. (2000) Diurnal physico-chemical variations in Hong Kong rock pools. 
Asian Marine Biology, 17, 43-54. 
Chang, E.S. & O'Connor, J .D. ( 1983). Metabolism and Transport of Carbohydrates and 
Lipids. In The Biology of Crustacea: Internal Anatomy and Physiological 
Regulation (ed L.H. Mantel), Vol. 5, pp. 471. Academic Press, New York. 
Chapelle, S. ( 1977) Lipid composition of tissues of marine crustaceans. Biochemical 
Systematics and Ecology, 5, 241-248. 
Chapelle, S. (1986) Aspects of phospholipid metabolism in crustaceans as related to 
changes in environmental temperatures and salinities. Comparative Biochemistry 
and Physiology Part B: Biochemistry and Molecular Biology, 84, 423-439. 
64 
Christie, W.W. (1993) Extraction of lipids from samples. Lipid Technology, 5, 18-19. 
Clarke, A. ( 1982) Lipid synthesis and reproduction in the polar shrimp Chorismus 
antarcticus. Marine Ecology Progress Series, 9, 81-90. 
Cowles, D. (2005) Pachygrapsus crassipes Randall, 1839. 
http://www.rosario.wwc.edu/inverts/Arthropoda/Crustace<JMalacostraca/Eumalac 
ostraca/Eucarida/Decapocla/Brach vura/Famil v Grapsidae/Pach ygrapsus crassipes 
.html. Accessed: February 14 2006. 
Cubit, J .D. (1984) Herbivory and the seasonal abundance of algae on a high intertidal 
rocky shore. Ecology, 65, 1904-1917. 
Cuculescu, M., Hyde, D., & Bowler, K. (1995) Temperature acclimation of marine crabs: 
changes in plasma membrane fluidity and lipid composition. Journal o.f Thermal 
Biology, 20, 207-222. 
Cuculescu, M., Hyde, D., & Bowler, K. (1998) Thermal tolerance of two species of 
marine crab, Cancer pagurus and Carcinus maenas. Journal of Thermal Biology, 
23, 107-110. 
Cuculescu, M., Pearson, T., Hyde, D., & Bowler, K. ( 1999) Heterothermal acclimation: 
an experimental paradigm for studying the control of thermal acclimation in 
crabs. Proceedings from the National Academy of Sciences, USA, 96, 6501 -6505. 
Dahlhoff, E.P. (2004) Biochemical indicators of stress and metabolism: applications for 
marine ecological studies. Annual Review of Physiology, 66, 183-207. 
Dahlhoff, E.P., Stillman, J .H., & Menge, B.A. (2002) Physiological community ecology: 
variation in metabolic activity of ecologically important rocky intertidal 
invertebrates along environmental gradients. Integrative and Comparative 
Biology, 42, 862-871. 
Dembitsky, V.M., Rezankova, H., Rezanka, T., & Hanus, LO. (2003) Variability of the 
fatty acids of the marine green algae belonging to the genus Codium. Biochemical 
Systematics and Ecology, 31, 1125-1145. 
Dunbar, S.G. (2002) Respiratory, Osmoregulatory and Behavioural Determinants of 
Distribution of Two Tropical Marine Hermit Crabs. Ph.D. Central Queensland 
University, Rockhampton. 322 pp. 
Dunbar, S.G. (2005) Respiratory responses of Clibanarius taeniatus (Kraus, 1843) and 
Clibanarius virescens (Milne-Edwards, 1848) (Decapoda: Diogenidae) to changes 
in ambient water temperature. Nauplius, 13, 45-56. 
Dunbar, S.G., Coates, M., & Kay, A. (2003) Marine hermit crabs as indicators of 
freshwater inundation on tropical shores. Memoirs of Museum Victoria, 60, 27-34. 
65 
Dupont, J.L. (2006). Basic Lipidology. In Lipid Metabolism and Health (eds R.J. Moffatt 
& B. Stamford), pp. 31-45. Taylor & Francis Group, Boca Raton. 
Edwards, G.A. & Irving, L. ( 1943) The influence of temperature and season upon the 
oxygen consumption of the sand crab, Emerita talpoida Say. Journal of Cellular 
and Comparative Physiology, 21, 169-182. 
Eguchi, E., Ogawa, Y., Okamoto, K., & Mochizuki, K. (1994) Fatty acid compositions of 
arthropod and cephalopod photoreceptors: interspecific, seasonal and 
developmental studies. Journal of Comparative Physiology B, 164, 94-102. 
Farkas, T. & Herodek, S. (1964) The effect of environmental temperature on the fatty 
acid composition of crustacean plankton. Journal of Lipid Research, 5, 369-373. 
Folch, J., Lees, M., & Stanley, G.H.S. (1957) A simple method for the isolation and 
purification of total lipides from animal tissues. Journal of Biological Chemistry, 
226, 497-509. 
Globe_Media_Ltd. (2007) Climate and Weather. http://vvw\v.worcltravels.com/. 
Accessed: 19 August 2007. 
Go, J.V., Rezanka, T., Srebnik, M., & Dembitsky, V.M. (2002) Variability of fatty acid 
components of marine and freshwater gastropod species from the littoral zone of 
the Red Sea, Mediterranean Sea, and Sea of Galilee. Biochemical Systematics and 
Ecology, 30, 819-835. 
Goedkoop, W. , Sonesten, L., Ahlgren, G., & Boberg, M. (2000) Fatty acids in profundal 
benthic invertebrates and their major food resources in Lake Erken, Sweden: 
seasonal variation and trophic indications. Canadian Journal of Fisheries and 
Aquatic Science, 57, 2267-2279. 
Graeve, M., Kattner, G., & Piepenburg, D. (1997) Lipids in Arctic benthos: does the fatty 
acid and alcohol composition reflect feeding and trophic interactions? Polar 
Biology, 18, 53-61. 
Gunstone, F.D. & HerslOf, B.G. (2000) Lipid glossary 2. In The Oily Press Lipid Library, 
Vol. 12. PJ Barnes & Associates, Bridgwater. 
Gurr, M.I. , Harwood, J.L., & Frayn, K.N. (2002) Lipid Biochemistry: An Introduction, 
5th edn. Blackwell Science. 320 pp. 
Gutnikov, G. ( 1995) Fatty acid profiles of lipid samples. Journal of Chromatography B, 
671 , 71-89. 
Hahn, S., Lam, W., Wu, I., Silva, C., & Djerassi, C. (1989) Unusual pattern of fatty acid 
biosynthesis: evidence for C-19 desaturase activity in freshwater sponges. The 
Journal of Biological Chemistry, 264, 21043-21046. 
66 
Harley, C.D.G., Hughes, A.R., Hultgren, K.M., Miner, B.G., Sorte, C.J.B., Thornber, 
C.S., Rodriguez, L.F., Tomanek, L., & Williams, S.L. (2006) The impacts of 
climate change in coastal marine systems. Ecology Letters, 9, 228-241. 
Haunerland, N.H. (2006) BISC 429: Experimental techniques II separation methods. 
http://www.sfu.ca/bisc/bisc-429/. Accessed: 24 April 2006. 
Hawkins, A.J.S. (1995) Effects of temperature change on ectotherm metabolism and 
evolution: metabolic and physiological interrelations underlying the superiority of 
multi-locus heterozygotes in heterogeneous environments. Journal of Thennal 
Biology, 20, 23-33. 
Hazra, A.K., Ghosh, S., Banerjee, S., & Mukherjee, B. (1998) Studies on lipid and fatty 
acid compositions of puffer livers from Indian coastal waters with seasonal 
variation. Journal of the American Oil Chemists Society, 75, 1673-1678. 
Heath, J .R. & Barnes, H. (1970) Some changes in biochemical composition with season 
and during the moulting cycle of the common shore crab, Carcinus maenas (L.). 
Journal of Experimental Marine Biology and Ecology, 5, 199-233. 
Henderson, R.J. & Sargent, J .R. ( 1980) Biosynthesis of neutral lipids by Euchaeta 
norvegica. Marine Biology, 56, 1-6. 
Hiatt, R.W. ( 1948) The biology of the lined shore crab, Pachygrapsus crassipes Randall. 
Pacific Science, 2, 135-213. 
Hopkin, R.S., Qari, S., Bowler, K., Hyde, D. , & Cuculescu, M. (2006) Seasonal thermal 
tolerance in marine Crustacea. Journal of Experimental Marine Biology and 
Ecology, 331, 74-81. 
Hopkins, C.C.E., Sargent, J.R., & Nilssen, E.M. (1993) Total lipid content, and lipid and 
fatty acid composition of the deep-water prawn Panda/us borealis from Balsfjord, 
northern Norway: growth and feeding relationships. Marine Ecology Progress 
Series, 96, 217-228. 
Hornstra, G . (2003). Chapter 17: Essential Polyunsaturated Fatty Acids in Mothers and 
Their Neonates. In Nutrition and Biochemistry of Phospholipids (eds B.F. Szuhaj 
& W. van Nieuwenhuyzen). AOCS Press, Champaign. 
Huggett, J. & Griffiths, C.L. ( 1986) Some relationships between elevation, physico-
chemical variables and biota of intertidal rock pools. Marine Ecology Progress 
Series, 29, 189-197. 
Hunter, E. & Naylor, E. ( 1993) Intertidal migration by the shore crab Carcinus maenas. 
Marine Ecology Progress Series, 101, 131-138. 
Icely, J.D. & Nott, J.A. (1992). Digestion and Absorption: Digestive System and 
Associated Organs. In Microscopic Anatomy of Invertebrates: Decapod 
67 
Crustacea (eds F.W. Harrison & A.G. Humes), Vol. 10, pp. 147-201. Wiley-Liss, 
Inc. , New York. 
Janzen, F.J. (1994) Climate change and temperature-dependent sex determination in 
reptiles. Proceedings from the National Academy of Sciences, USA, 91, 7487-
7490. 
Jeckel, W.H., Aizpun de Moreno, J.E., & Moreno, V.J. (1990) Changes in biochemical 
composition and lipids of the digestive gland in females of the shrimp Pleoticus 
muelleri (Bate) during the molting cycle. Comparative Biochemistry and 
Physiology, 96B, 521-525. 
Jeckel, W .H., Aizpun de Moreno, J.E., & Moreno, V .J. (199 l) Seasonal variations in the 
biochemical composition and lipids of the digestive gland in the shrimp Pleoticus 
muelleri Bate. Comparative Biochemistry and Physiology, 98B, 253-260. 
Jeffcoat, R., Roberts, P.A., Ormesher, J. , & James, A.T. (1979) Stearoyl-CoA desaturase: 
a control enzyme in hepatic lipogenesis. European Journal of Biochemistry, 101, 
439-445. 
Jeffs, A.G., Willmott, M.E., & Wells, R.M.G. (1999) The use of energy stores in the 
puerulus of the spiny lobster Jasus edwardsii across the continental shelf of New 
Zealand. Comparative Biochemistry and Physiology, 123, 351-357. 
Johnson, P.T. (1980) Histology of the Blue Crab, Callinectes sapidus: A Model for the 
Decapoda Praeger Publishers, New York. 440 pp. 
Kawakami, Y., Mochioka, N., Kimura, R., & Nakazono, A. (1999) Seasonal changes of 
the RNA/DNA ratio, size and lipid contents and immigration adaptability of 
Japanese glass-eels, Anguilla japonica, collected in northern Kyushu, Japan. 
Journal of Experimental Marine Biology and Ecology, 238, 1~19. 
King, M.F., Boyd, LC., & Sheldon, B.W. (1992) Effects of phospholipids on lipid 
oxidation of a salmon oil model system. Journal of the American Oil Chemists 
Society, 69, 237-242. 
Klugh, A.B. (1924) Factors controlling the biota of tide-pools. Ecology, 5, 192-196. 
Koehn, R.K. & Bayne, B.L. (1989) Towards a physiological and genetical understanding 
of the energetics of the stress response. Biological Journal of the Linnean Society, 
37, I 57-171. 
Lahdes, E. , Balogh, G., Fodor, E., & Farkas, T. (2000) Adaptation of composition and 
biophysical properties of phospholipids to temperature by the crustacean, 
Gammarus spp. Lipids, 35, 1093-1098. 
68 
Lee, R.F., Nevenzel, J.C., & PaffenhOfer, G.-A. (1971) Importance of wax esters and 
other lipids in the marine food chain: phytoplankton and copepods. Marine 
Biology, 9, 99-108. 
Lellis, W.A. & Russell, J.A. (1990) Effect of temperature on survival, growth and feed 
intake of postlarval spiny lobsters, Panulirus argus. Aquaculture, 90, 1-9. 
Li, D., Zhang, Y., & Sinclair, A. (2007) Seasonal variations of lipid content and 
composition in Perna viridis. Lipids, 42, 739-747. 
Lipomics_Technologies_Inc. (2007) Fatty Acid Index. 
Lockwood, A.P.M. ( 1967) Aspects of the Physiology of Crustacea W .H. Freeman and 
Company, San Francisco. 328 pp. 
Mathews, C.K., van Holde, K.E., & Ahern, K.G. (2000) Biochemistry, 3rd edn. Addison 
Wesley Longman, Inc., San Francisco. 1186 pp. 
Matsuda, H. & Yamakawa, T. (1997) Effects of temperature on growth of the Japanese 
spiny lobster, Panulirus japonicus (V. Siebold) phyllosomas under laboratory 
conditions. Marine and Freshwater Research, 48, 791-796. 
McGaw, I.J. (2003) Behavioral thermoregulation in Hemigrapsus nudus, the amphibious 
purple shore crab. Biological Bulletin, 204, 38-49. 
Meinkoth, N.A. (1994) National Audubon Society Field Guide to North American 
Seashore Creatures Chanticleer Press, Inc., New York. 813 pp. 
Menge, B.A. (2000) Top-down and bottom-up community regulation in marine rocky 
intertidal habitats. Journal of Experimental Marine Biology and Ecology, 250, 
257-289. 
Mori , T.A., Watts, G.F., Burke, V., Hilme, E. , Puddey, J.B. , & Beilin, L.J. (2000) 
Differential effects of eicosapentaenoic acid and docosahexaenoic acid on 
vascular reactivity of the forearm microcirculation in hyperlipidemic, overweight 
men. Circulation, 102, 1264-1269. 
Morris, R.J. & Sargent, J .R. ( 1973) Studies on the lipid metabolism of some oceanic 
crustaceans. Marine Biology, 22, 77-83. 
Morris, S. ( 1999) Integration of physiological responses of crustaceans to environmental 
challenge. South African Journal ofZoology, 33, 87-107. 
Morris, S. & Taylor, A.C. (I 983) Diurnal and seasonal variation in physico-chemical 
conditions within intertidal rock pools. Estuarine, Coastal and Shelf Science, 17, 
339-355. 
69 
Morton, B. & Harper, E. (1995) Cape d'Aquilar Marine Reserve, Hong Kong. Hong Kong 
University Press, 50-53. 
Moss, G.A., Tong, L.J., & Allen, S.E. (2001) Effect of temperature and food ration on the 
growth and survival of early and mid-stage phyllosomas of the spiny lobster Jasus 
verreauxi. Marine and Freshwater Research, 52, 1459-1464. 
Mourente, G., Medina, A., Gonzalez, S., & Rodriguez, A. (1995) Variations in lipid 
content and nutritional status during larval development of the marine shrimp 
Penaeus kerathurus. Aquaculture, 130, 187-199. 
Muskier, F.A.J., Fokkema, M.R., Schaafsma, A., Boersma, E.R., & Crawford, M.A. 
(2004) Is docosahexaenoic acid (DHA) essential? Lessons from DHA status 
regulation, our ancient diet, epidemiology and randomized controlled trials. The 
Journal of Nutrition, 134, 183-186. 
O'Connor, J.D. & Gilbert, LI. (1968) Aspects of lipid metabolism in crustaceans. 
American Zoologist, 8, 529-539. 
O'Connor, J.D. & Gilbert, LI. (1969) Alterations in lipid metabolism associated with 
premolt activity in a land crab and fresh-water crayfish. Comparative 
Biochemistry and Physiology, 29, 889-904. 
Paul, J.H. & Sharpe, J.S. (1919) XLI. The relationship of lecithin to the growth cycle in 
crustacea. Biochemical Journal, 13, 487-490. 
Pearson, J. (l 908) Cancer Williams and Norgate, London. 209 pp. 
Pearson, R. ( 1997) The safety of fatty acid methyl esters and their acceptability as 
immediate previous cargoes to be used in foods after further processing. 
http://ww\v.apag.org/issues/methvl.htm. Accessed: 12 December 2006. 
Pennings, S.C., Carefoot, T.H., Siska, E.L, Chase, M.E., & Page, T.A. (1998) Feeding 
preferences of a generalist salt-marsh crab: relative importance of multiple plant 
traits. Ecology, 79, 1968-1979. 
Randall, J.W. (1839) Catalogue of the crustacea brought by Thomas Nuttall and J.K. 
Townsend, from the West Coast of North America and the Sandwich Islands, with 
descriptions of such species as are apparently new, among which are included 
several species of different localities, previously existing in the collection of the 
Academy. Journal of the Academy of Natural Science in Philadelphia, 8, 106-
147. 
Rathbun, M.J. (1918) The grapsoid crabs of America. Bulletin of the United States 
National Museum, 97, 1-461. 
Richoux, N.B., Deibel, D., Thompson, R.J., & Parrish, C.C. (2004) Seasonal changes in 
the lipids of Mysis mixta (Mysidacea) from the hyperbenthos of a cold-ocean 
70 
environment (Conception Bay, Newfoundland). Canadian Journal of Fisheries 
and Aquatic Science, 61, 1940-1953. 
Ricketts, E.F., Calvin, J., Hedgpeth, J.W., & Phillips, D.W. (1985) Between Pacific 
Tides, 5th edn. Stanford University Press, Stanford. 652 pp. 
Roberts, J.L. (1957a) Thermal acclimation of metabolism in the crab Pachygrapsus 
crassipes Randall. I. The influence of body size, starvation, and molting. 
Physiological Zoology, 30, 232-242. 
Roberts, J .L. (1957b) Thermal acclimation of metabolism in the crab, Pachygrapsus 
crassipes Randall. II. Mechanisms and the influence of season and latitude. 
Physiological Zoology, 30, 242-255. 
Saito, T., Kato, A., Ochiai, H., & Morita, N. (2005) Temperature adaptation in 
Dictyostelium: role of 65 fatty acid desaturase. Microbiology, 151, 113-119. 
Sanford, E. ( 1999) Regulation of keystone predation by small changes in ocean 
temperature. Science, 283, 2095-2097. 
Sanford, E . (2002) Water temperature, predation, and the neglected role of physiological 
rate effects in rocky intertidal communities. Integrative and Comparative Biology, 
42, 881-891. 
Sargent, J.R., Bell, J.G. , Bell, M.V., Henderson, R.J., & Tocher, D.R. (1995) 
Requirement criteria for essential fatty acids. Journal of Applied Ichthyology, 11, 
] 83-198. 
SCCOOS (2006). SCCOOS: Southern California Coastal Ocean Observing System. 
http://www.sccoos.org/. 
Schlotterbeck, R.E. (1976) The larval development of the lined shore crab Pachygrapsus 
crassipes Randall, 1840 (Decapoda, Brachyura, Grapsidae) reared in the 
laboratory. Crustaceana, 30, 184-200. 
Scott, C.L., Kawasniewski , S. , Falk-Petersen, S., & Sargent, J .R. (2002) Species 
differences, origins and functions of fatty alcohols and fatty acids in the wax 
esters and phospholipids of Calanus hyperboreus, C. glacialis and C. 
finmarchicus from Arctic waters. Marine Ecology Progress Series, 235, 127-134. 
Somero, G.N. (2005) Linking biogeography to physiology: evolutionary and acclimatory 
adjustments of thermal limits. Frontiers in Zoology, 2. 
Southtravels.com (2007) Weather and Climate in Denmark. 
http://www.southtravels.corn/europe/denmark/weather.html. Accessed: 19 August 
2007. 
71 
Stanley-Samuelson, D.W. (1987) Physiological roles of prostaglandins and other 
eicosanoids in invertebrates. Biological Bulletin, 173, 92-109. 
Stanley-Samuelson, D.W. (1994a) Assessing the significance of prostaglandins and other 
eicosanoids in insect physiology. Journal of Insect Physiology, 40, 3-11. 
Stanley-Samuelson, D.W. (1994b) The biological significance of prostaglandins and 
related eicosanoids in invertebrates. American Zoologist, 34, 589-598. 
Stanley, D.W. & Howard, R.W. (1998) The biology of prostaglandins and related 
eicosanoids in invertebrates: cellular, organismal and ecological actions. 
American Zoologist, 38, 369-381. 
Styrishave, B. & Andersen, 0. (2000) Seasonal variations in hepatopancreas fatty acid 
profiles of two colour forms of shore crabs, Carcinus maenas. Marine Biology, 
137, 415-422. 
The Weather Underground, I. (2006). The Weather Underground. 
http://wwvv'.weatherunderground.com/. I 0 October 2006. 
Tong, L.J., Moss, G.A., Paewai, M.P., & Pickering, T.D. (2000) Effect of temperature 
and feeding rate on the growth and survival of early and mid-stage phyllosomas 
of the spiny lobster Jasus edwardsii. Marine and Freshwater Research, 51, 235-
241. 
Van Handel , E. (1966) Temperature independence of the composition of triglyceride fatty 
acids synthesized de novo by the mosquito. Journal of Lipid Research, 7, 112-
115. 
Velazquez, A.V. (2003) Reproductive strategies of the spiny lobster Panulirus 
interruptus related to the marine environmental variability off central Baja 
California, Mexico: management implications. Fisheries Research, 65, 123-135. 
Vonk, H.J. (1960). Digestion and Metabolism. In The Physiology of Crustacea (ed T.H. 
Waterman), Vol. I, pp. 291 -316. Academic Press, Inc., New York. 
Wallace, B.P., Seminoff, J.A., Kilham, S.S., Spotila, J.R., & Dutton, P.H. (2006) 
Leatherback turtles as oceanographic indicators: Stable isotope analyses reveal a 
trophic dichotomy between ocean basins. Marine Biology, 149, 953-960. 
Wen, X., Chen, L. , Ai, C., Zhou, Z., & Jiang, H. (2001) Variation in lipid composition of 
Chinese mitten-handed crab, Eriocheir sinensis during ovarian maturation. 
Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular 
Biology, 130, 95-104. 
Willason, S.W. (1981) Factors influencing the distribution and coexistence of 
Pachygrapsus crassipes and Hemigrapsus oregonensis (Decapoda: Grapsidae) in 
a California salt marsh. Marine Biology, 64, 125-133. 
72 
Wi11mer, P., Stone, G., & Johnston, I. (2000) Environmental Physiology of Animals 
Blackwell Science, Cornwall. 644 pp. 
Woodman, R.J. , Mori , T.A., Burke, V., Puddey, J.B., Watts, G.F., & Beilin, L.J. (2002) 
Effects of purified eicosapentaenoic and docosahexaenoic acids on glycemic 
control, blood pressure, and serum lipids in type 2 diabetic patients with treated 
hypertension. American Journal of Clinical Nutrition, 76, 1007-1015. 
Yamaguchi, T. (2001) Seasonal change of the hepatopancreas index in the males of the 
fiddler crab, Vea lactea. Crustaceana, 74, 627-634. 
Yepiz-Plascencia, G., Vargas-Albores, F., & Higuera-Ciapara, I. (2000) Penaeid shrimp 
hemolymph lipoproteins. Aquaculture, 191, 177-189. 
73 
APPENDIX A 
LIPID EXTRACTION CHEMICAL PREPARATION 
1 :2 Chloroform:Methanol 
Fourteen ml of HPLC-grade methanol (Fisher Scientific, Fair Lawn, NJ) were 
used to remove each hepatopancreas sample from the storage vial and transport it to the 
manual homogenizer. Seven ml of HPLC-grade chloroform (EMD Chemicals, Norwood, 
OH) were then added to the sample and methanol. 
Internal Standard 
One mg± 0.1 mg of the Cl 9:0 fatty acid internal standard (Nu-Chek Prep, Inc., 
Elysian, MN) was weighed out. One ml of HPLC-grade chloroform (EMD Chemicals, 
Norwood, OH) was used to dissolve the C 19:0 crystals. The amount of standard added to 
each sample was 3.205 µmoles at a concentration of 3.2 mM. 
O.SM KOH in Methanol 
ACS-grade KOH pellets (Fisher Scientific, Fair Lawn, NJ) were weighed to 2.8 ± 
0.1 g and dissolved with 100 ml HPLC-grade methanol (Fisher Scientific, Fair Lawn, NJ) 
using a magnetic stir-bar. 
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20 % BF 3 in Methanol 
Four hundred ml of 50 % BF3 (Sigma-Aldrich, Inc., St. Louis, MO) in methanol 
was mixed with 600 µI HPLC-grade methanol (Fisher Scientific, Fair Lawn, NJ) for each 
hepatopancreas sample. 
Saturated NaCl 
Four hundred grams of NaCl (USB Corporation, Cleveland, OH) were weighed 
and gradually added to 1500 ml warm dH20 while stirring constantly with a magnetic 
stir-bar until the solute dissolved. The solution was then vacuum filtered using a 47 mm, 
0.45 µm membrane filter, transferred to a screw-top container and stored at room 
temperature. 
Saturated NaHC03 
At least 130 g NaHC03 (Sigma Chemical Company, St. Louis, MO and Fisher 
Scientific, Fair Lawn, NJ) was weighed and gradually added to 1000 ml warm dH20 
while stirring constantly with a magnetic stir-bar until the solute dissolved. The solution 
was then vacuum filtered using a 47 mm, 0.45 µm membrane filter, transferred to a 
screw-top container and stored at room temperature. 
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APPENDIX B 
SUPPLEMENTARY FIGURES AND TABLES 
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Table Al. Names of the fatty acids (FAs) used for this study. Notation: numbers preceding the colon= 
number of carbons in the fauy acid chain; numbers after the colon= number of double bonds; numbers 
following!'!.= double bond al that carbon numbering from the carboxylic acid end of the chain; numbers 
following n =double bond al that carbon numbering from the methyl end of the chain. 
Fatty Acid FA Scientific FA Common 
Methyl Ester Name Name Notation 
Methyl Myristate 
T etradecanoic 














Palmitoleate Acid 16:1 n? 
Methyl Stearate 
Octadecanoic 




Oleic Acid (OA) 
18:1 t.9 
Acid 18:1 n9 
Methyl Linoleate 
9, 12-




a-Linolenic Acid 18:3t.9, 12, 15 
Methyl Linolenate Octadecatrienoic 
Acid (ALA) 
18:3n3 
Methyl Arachidate Eicosanoic Acid Arachidic Acid 20:0 
Methyl 11- 11-Eicosenoic 
Eicosenoic Acid 
20:1t.11 
eicosenoate Acid 20:1 n9 
Methyl 11 , 14-
11-14-






















Acid 22:1 n9 
Methyl 
4,7,10,13,16,19-




Acid (DHA) 22:6n3 
Methyl Lignocerate 
T etracosanoic 






Acid 24:1 n9 
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Table A2. Standard curve parameters to obtain the molar ratio for peak abundance ratios according to the 
( ( _!_ } og (R 1, )-!!_) 
formula: R,,, =I 0 111 "' • Formula is derived from the equation log(R P) = m(log(R,J) + b 
for the standard curve, where mis the slope of the best fit line and bis they-intercept. Rm is the molar ratio 
and RP is the peak ratio of fatty acid to internal standard abundance. Notation: numbers preceding the 
colon = number of carbons in the fatty acid chain; numbers after the colon = number of double bonds; 
numbers following !-,, =double bond at that carbon numbering from the carboxylic acid end of the chain; 
numbers following n =double bond at that carbon numbering from the methyl end of the chain. 
Fatty Acid Notation m b 
Myristic Acid 14:0 1.284 ± 0.066 0.803 ± 0.061 
Myristoleic Acid 14:1 b.9 1.334 ± 0.059 0.433 ± 0.056 
14:1n5 
Palmitic Acid 16:0 1.249 ± 0.044 1.154±0.051 
Palmitoleic Acid 16:1 b.9 1.319 ± 0.058 0.870 ± 0.054 
16:1 n7 
Stearic Acid 18:0 1.269 ± 0.039 1.066 ± 0.036 
Oleic Acid 18:1 b.9 1.241 ± 0.082 0.361 ± 0.065 
18:1 n9 
Linoleic Acid 18:2b.9, 12 1.393 ± 0.038 0.651 ± 0.036 
18:2n6 
a-Linolenic Acid 18:3b.9, 12, 15 1.368 ± 0.077 0.531 ± 0.061 
18:3n3 
Arachidic Acid 20:0 1.282 ± 0.039 0.631 ± 0.037 
Eicosenoic Acid 20:1Ll11 1.319 ± 0.038 1.089 ± 0.044 
20:1 n9 
Eicosadienoic Acid 20:2b.11, 14 1.402 ± 0.047 0.721 ± 0.044 
20:2n6 
Homo-g-linolenic 20:3b.8, 11, 14 1.400 ± 0.057 0.681 ± 0.053 
Acid 20:3n6 
Arachidonic Acid 20:4b.5,8, 11 , 14 1.455 ± 0.060 0.090 ± 0.037 
20:4n6 
Behenic Acid 22:0 1.350 ± 0.050 0.437 ± 0.047 
Erucic Acid 22:1b.13 1.404 ± 0.027 0.494 ± 0.025 
22:1 n9 
Docosahexaenoic 22:6b.4, 7, 10, 13, 16, 19 1.427 ± 0.040 0.894 ± 0.037 
Acid 22:6n3 
Lignoceric Acid 24:0 1.407 ± 0.066 0.665 ± 0.061 
Nervonic Acid 24:1b.15 1.425 ± 0.056 0.838 ± 0.052 
24:1 n9 
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Methyl palm itate Standard Curve 
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Figure Al . Examples of the standard curves for three fa tly acid methyl esters (FAME): methyl palmitate, 
methyl palmitoleate, and methyl docosahexaenoate. The y-ax is is the log of the abundance rat io of FAME 
to internal standard (IS), and the x-axis is the log of the molar ratio of FAME to IS. T he equation of the 
lines are: y = l.249426x + 1.1 54 145 (methyl palmitate, R2 = 0.993), y = 1.3 I 8523x + 0.869938 (methyl 
palmitoleate, R2 = 0.989), and y = 1.426917x + 0.893856 (methyl docosahexaenoate, R2 = 0 .996). 
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Table A3. Water temperatures collected over a one-year period from the 
Southern California Coastal Ocean Observing System. 
Month Minimum Maximum Mean 
January 13.73 15.55 14.44 
February 14.14 15.48 14.93 
March 13.37 16.06 14.75 
April 12.57 15.55 14.21 
May 12.57 15.55 14.21 
June 13.74 20.39 18.44 
July 17.42 24.69 21 .28 
August 18.20 20.63 19.42 
September 17.42 20.41 19.36 
October 16.48 18.83 17.92 
November 16.42 18.42 17.87 
December 14.30 16.47 15.63 
Table A4. Air temperatures collected over a one-year period from The 
Weather Underground. 
Month Minimum Maximum Mean 
January 6.67 21.11 12.94 
February 8.33 20.56 13.51 
March 7.78 19.44 14.98 
April 12.78 18.89 15.22 
May 15.56 20.00 17.48 
June 18.33 22.78 20.60 
July 20.00 27.22 23.83 
August 19.44 23.89 21 .70 
September 16.67 24.44 20.44 
October 12.78 20.00 18.04 
November 12.22 21.11 16.37 
December 9.44 18.33 12.70 
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Table AS. Monthly fatty acid (FA) abundance of FA types and FA saturation category compared between sexes. Units are in µmo le • g· 1• 
February 2007 April 2006 June 2006 August2006 October 2006 December 2006 
Female Male Female Male Female Male Female Male Female Male Female Male 
SAFA 
14:0 9.68 3.04 7.30 7.12 10.12 9.86 10.50 9.85 6.38 7.62 7.80 3.62 
16:0 13.43 9.66 18.17 20.86 26.51 25.47 21 .39 18.18 12.88 17.68 21.27 11.44 
18:0 9.24 7.34 9.70 12.88 14.02 12.73 11 .78 12.28 7.72 11.16 12.00 8.62 
20:0 2.98 1.44 1.61 1.92 2.48 3.47 1.93 3.1 5 2.05 2.93 2.78 1.66 
22:0 0.69 0.38 0.35 0.75 0.29 0.00 0.47 1.43 0.33 0.93 1.20 0.73 
24:0 0.40 0.30 0.47 0.84 0.07 0.00 0.33 1.06 0.06 0.49 0.94 0.81 
ISAFA 36.42 22.17 37.59 44.37 53.49 51.52 46.41 45.95 29.41 40.81 45.98 26.88 
MUFA 
14:1 1.23 0.41 1.55 1.45 1.59 1.43 2.02 2.54 1.05 1.29 1.60 0.57 
00 16:1 16.60 7.97 23.38 25.91 35.08 31.48 26.03 25.05 14.48 18.39 24.05 10.96 
18:1 34.50 22.87 36.21 45.66 51 .50 57.48 40.08 44.92 27.47 37.65 49.47 23.23 
20:1 4.74 3.71 4.37 6.27 4.73 3.61 4.65 5.37 2.72 4.46 5.72 3.27 
24:1 0.13 0.13 0.00 0.40 0.00 0.00 0.07 0.68 0.00 0.32 0.63 0.43 
I M UFA 57.21 35.09 65.51 79.69 92.90 94.01 72.85 78.56 45.73 62.11 81.46 38.45 
PUFA 
18:2 20.29 11 .59 20.43 20.80 19.81 17.94 19.79 20.70 19.96 23.39 26.97 17.45 
18:3 10.80 7.06 11.92 11.84 11.17 9.94 15.19 12.90 12.21 15.33 16.58 10.37 
20:4 19.02 19.02 17.05 18.26 13.61 14.52 20.15 22.68 20.83 28.85 29.79 16.84 
20:3 3.19 2.20 2.69 3.69 2.18 1.65 3.22 2.97 2.43 2.72 4.60 3.00 
20:2 5.22 3.93 5.16 7.16 5.20 4.72 5.55 6.26 3.59 4.59 6.48 4.37 
22:6 5.14 3.12 10.16 22.17 22.19 19.30 20.52 23.08 6.65 11 .55 4.86 6.17 
IP UFA 63.65 46.92 67.42 83.92 74.16 68.07 84.41 88.58 65.67 86.43 89.28 58.21 
IFA 157.28 104.18 170.53 207.98 220.55 213.60 203.66 213.09 140.81 189.34 216.72 123.54 
11. 4: ·.oj Fatty Acid 11 s:ol ~ 120:01 ~ 122:01 ~ 124:01 J:· Sy"ili"~'~ J:· 
1 4:1~'1· 11 91 ) 
de novo l16:1n71 l20:1n91 peroxisomal_ 




Figure A2. Biosynthetic pathways of saturated (SAFA) and monounsaturated (MUFA) fatty acids. The 
boxes indicate fa tty ac ids (FAs) used in thi s study. Adapted from Lipomics Technologies, Inc., 2007. 
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,AG _A5 
l18:3n31~ 18:4n3 ~ 20:4n3 ~ 20:5n3 ~ 22:5n3 
0"'· .t.6 l 
l22:6n31F24:6n3 ~ 24:5n3 
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Figure A3. Biosynthetic pathways of polyunsaturated fatty acids (PUFA), which are derived from 
essential fatty acids (FAs) not naturally synthesized by humans. The boxes indicate fatty acids (FAs) used 




4.0 T T 1.6 4.0 1.6 
1.4 ~ 1.4 :;--
'7 
m 1 
Cl Cl Cl 
• 3.0 
\ 
1.2 • • 3.0 1.2 • 
La 
"' "' "' .!!! .!!! .!!! 
1.0 e 0 1.0 e E 
::L ::L 2: 
0.8 ~ ~ 2.0 0.8 ~ 
~ . I c: c: c: co co co 
0.6 ~ "O 0.6 ~ c: c: 
::J ::J ::J ::J 
..c ..c ..c ..c 
< 1.0 0.4 < < 1.0 0.4 < 
0 0 0 0 
I 
0 N 0 N 
N 0.2 N N 0.2 N 
0.0 0.0 0.0 +-- 0.0 
A Feb Apr June Aug Oct Dec B Feb Apr June Aug Oct Dec 
Figure A4. Two fatty acids (FAs) related through biosynthetic pathways in females (A) and males (B). Docosanoic acid (t = 22:0) is the elongation 
product of t:icosanoic acid( . = 20:0). It appears as though there is a large increase of eicosanoic acid in June j ust prior to an August decrease, which 
corresponds to a low abundance of docosanoic acid in June and an increase in August. Thi s would suggest that during August, the FAs are elongating to 
compensate for warm temperatures. Refer to Figure A2. 
